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YAK 531.3 

METOfl nAPAJIJIEJIbHOH HH5KEHEPHOH 
PA3PAEOTKH KAK CIIOCOE 
OIITHMH3AIJ,HH TEXHOJIOrHHECKOrO 
nAKETA KOCMHHECKOH OTPACJIH 

OMejiBAHemco B.A., accncTeHT 
CyMCKHH rocyzjapCTBeHHBiii yHHBepcnTeT, YicpaHHa 

B CTaTBe paccMOTpeHBi npeztnocBijixH n npaxTHuecxHe acneKTEi 
ncnojiE 30 BaHHa MCTO^a napajuiejiEHon HH^ceHepHon pa 3 pa 6 oTKH b 
KOCMH uecKon OTpacjiH. npe/uio^xeHa cxeMa (jtopMupoBaHHa tcxhojio- 
rnnecKoro naxeTa npoexTa coB^aHna xocMnnecxoro annapaTa Ha oc- 
HOBe B 3 aHMO^eHCTBHH MaxponaxeTOB CTpaH-ynacTHHKOB. 

KjiiOHeBbie cjioea: TexHOJiorHnecxHH naxeT, xocmuhccxhu annapaT, 
HHHOBaitHH, xoHCTpyxitna, napajuiejiEHaa nmxeHepHaa pa3pa6oTxa. 

YnacTHHK ko h (J) ep e h n h h , 

HaunoHajibHoro nepBeHCTBa no HaynHon aHajmTHKe, 

OTKpbiToro EBponeiicKO-AsHaTCKoro nepBeHCTBa no HaynHon aHammiKe 


http://dx.doi.org/10.18007/gisap:tsca.v0il0.1503 


M Horue yueHBie h mbicjiutcjih 
0C03HaBaJIH, HTO £JI5I Toro, HTO- 
6 bi noH^TB MecTO HejiOBexa bo BceneH- 
hoh, Heo6xoAHMO 3arji5iHyTB 3a npe^ejiBi 
3eMjiu n noAHaTBca k 3Be3^aM. Kocmh- 
Hecxaa OTpacjiB, xax h ^pyrne bbicoko- 
TexHOJiorHuecKHe OTpacjiH skohomh- 
kh, b 3HauHTejiBHOH Mepe onpe^ejunoT 
AOJirocpouHoe pa3BHTue Ha rjio6ajiBHOM 
ypOBHe, o6ecneHHBaiOT HayuHO-TexHO- 
norHHecKHH ypOBeHB ^pyrnx OTpacjien 
H aBJiaiOTCa Ba>KHBIM (jiaKTOpOM pa3BH- 
TH a HaUHOHaJIBHBIX npOAyKTHBHBIX CHJI. 
O^Haxo npo6jieMBi nccjieAOBafflra cn- 
CTeMHBix B3aHMOCBa3eii Me5K^y tcxho- 
nornaMH h TexHOJiornHecKon ^HHaMH- 
xon ocTaiOTca BecBMa axTyajiBHBiMH b 
KOHT eKCTe MHoroKpaTHoro ycji05KHeHHa 
TexHOJiorHuecKOH chctcmbi. 

B pe3yjiBTaTe noBBimeHHa cjio}kho- 
cth KOCMHuecKHx npoexTOB h o6mnp- 
hoh Koonepaipin npeAnpmrran Ha Ha- 
H,HOHaJIBHOM H Me)K£yHapO£HOM ypOBHe 
B03HHKaeT Heo6xOAHMOCTB pa3pa6oTKH 
hobbix HHCTpyMeHTOB oOecneHemra co3- 
AaHHa KOCMHuecKHx annapaTOB h coxpa- 
HeHHa h pa3BHTna KOonepai^HH npe,a- 
npHflTHH pa3pa60THHK0B H H3TOTOBH- 
TeneH paxeTHO-KOCMHuecKOH tcxhhkh 
H a ypOBHe, hcoOxo^hmom ^jia pa3Bep- 
TBiBaHHa h no^ep}KaHHa onepamBHon 
rpynnHpOBKH ko cmhhc ckhx annapaTOB 
b cocToaHHH, oOecnennBaiomeM penie- 
Hne i^ejieBBix 3a^an. 

HcXO^fl H3 3TOTO, UeJIBIO CTaTBH 
aBjiaeTca aHajiH3 B03M0)KH0CTeH nc- 
nojiB30BaHHa MeTO^a napajuiejiBHon 
HH)KeHepHOH pa3pa60TKH B KOCMHHe- 


CKOH OTpacjiH C I^eJIBIO OnTHMH3aH,HH 
TexHOJiorHuecKoro naxeTa npoexTOB 
KOCMHuecxHx annapaTOB h noBBimeHmi 
KOHxypeHTOcnoco6HOCTH OTenecTBeH- 
HBIX pa3pa60THHK0B B Me5x,ayHapOAHBix 
npoexTax. 

HanpHMep, b 2010 ro^y no oijeH- 
xaM axcnepTOB PocxocMOca, jihuib 
5-7% Been nojie3HOH Harpy3xn kocmh- 
necxHx annapaTOB cbh3h h BenjaHmi 
6 bijih npOH3BeAeHBi b Poccnn. Cjie^y- 
eT OTMeTHTB, hto npaKTHxa HCnOJIB- 
30BaHH^ KpHTHneCKHX KOMnOHeHTOB 
HHOCTpaHHoro npOH3BO^CTBa xapax- 
TepHa CTpaH nocTCOBeTCKoro npo- 
CTpaHCTBa H3-3a pa3pBiBa TexHOJiorn- 
necxnx ijenoneK. 

B xoHTexcTe aHajin3a npoijeccoB 
npoexTHpOBaHna n CBjnen Mox^y 
TexHOJiornaMn, otmcthm, hto kocmh- 
necxHH annapaT BKjnonaeT hcckojibko 
( jjymajnoHajiBHBix cocTaBjHnomnx, 
npox^e Bcero - 3 to ijejieBan annapa- 
Typa, hto oOecnennBaeT BBinojiHeHne 
CTOjmjen nepe# kocmuhcckhm anna- 
paTOM 3aAann. IIomhmo ijejieBoii an- 
napaTypBi b cocTaBe annapaTa o6bihho 
npncyTCTByeT uejiBin p5tA cjiy5xe6HBix 
cncTeM, hto oOecnennBaiOT ajihtcjib- 
Hoe ero (|)yHKn,HOHHpoBaHHe b ycnoBnax 
xocMHuecKoro npocTpaHCTBa (chctcmbi 
3Heproo6ecneneHHH, TepMOperyu^nn, 
paAnai^HOHHon 3anjHTBi, ynpaBjieHna 
^BH5xeHHeM, opneHTan,HH, aBapnnHoro 
cnacemra, noca^xn, ynpaBjieHna, ot- 
fleneHna ot HoenTena, pa3AejieHna n 
CTBixoBKH, 6opTOBoro paAHOKOMnjiexca, 
»cH3Heo6ecneneHHa). B 3aBHCHMOCTH ot 


BBinojiHueMon KOCMHnecxHM annapaTOM 
(|)yHKn,HH OTAejiBHBie H3 nepenncjieHHBix 
cjiy}xe6HBix chctcm MoryT OTcyTCTBO- 
BaTB, HanpHMep, cnyranKn cba3h He 
HMeiOT chctcm aBapnnHoro cnacefflui, 
5KH3Heo6ecneneHna. 

B KOHTeKCTe aHajiH3a TexHOJiornne- 
cxoro naxeTa npe^jiaraeM paccMOTpeTB 
cjie^yiomHe TnnBi KOHCTpyxi^nn kocmh- 
necxoro annapaTa: 

- KOMnaXTHOH (C nOCTO^HHOH koh- 
$Hrypai^nen npn BBiBO^e Ha opOmy n b 
noneTe); 

- pa3BepTBiBaeMon (Ha op6nTe koh- 
^nrypai^na MemieTCfl 3a cneT pacxpBiTna 
OT^ejiBHBix 3JieMeHTOB KOHCTpyxi^nn); 

- Ha^ysHon (Ha op 6 nTe 3 a^aHHaa 
$opMa oOecnenHBaeTca 3a cneT Ha^yBa 
o6ojiohkh). 

HaH6ojiee cjio)khoh flBjnieTCfl pa3- 
BepTBmaeMaa xoHCTpyxuH^, a Taxixe 
oOnexTBi xocMHnecKOH HH^pacTpyx- 
TypBi, hto pa3BHBaiOTC3i (HanpHMep, 
MKC), HTO BBI3BaHO HCOOxO^HMOCTBIO 
OojiBmero KOJinnecTBa HTepai^HH npn 
corjiacoBaHHH napaMeTpoB. 

IIpe^jiaraeM paccMOTpeTB oco6eH- 
hocth TexHOJiorHHecKoro naxeTa xax 
coBOxynHOCTH Bcex tcxhojiothh mok- 
AyHapo^Horo npoexra C03^,aHH^ h hc- 
nojiB30BaHH^ xocMHHecKoro annapaTa, 
n b paMxax KOTOporo nponcxo^HT B3a- 
HMOAencTBne Han,HOHajiBHBix tcxhojio- 
rHHecxnx MaxponaxeTOB. HanpHMep, 
corjiameHne o 3anycxe annapaTa Venus 
Express, VEX, xocMnnecKoro annapaTa 
EBponencxoro xocMnnecKoro areHT- 
CTBa (EKA), npe,zi,Ha3HaHeHHoro flnu 
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Phc. 1. CxeMa (jjopMupoBaHHH TexHOJioriiHecKoro naKeTa npoeKTa 


H3yHeHH5i BeHepbi, ^HHaMHKH aTMOc- 
(jiepBI, B3aHMOAeHCTBH« C COJIHeHHBIM 
BeTpOM, EKA h poccHHCKO-eBponeH- 
CKan KOMnaHH^ «CTapceM» no/jnncajin 
b 2003 rojxy. 3anycK annapaTa 6 biji 3a- 
njiaHHpOBaH c KOCMO/jpOMa «EanKOHyp» 
c noMonjbio paKeTBi-HOCHTejm «Coio 3- 
Or» n pa3roHHoro Ojioo «0perar». B 
Hannix npejjBijjymnx nccjie/jOBaHnux [7] 
6 biji paccMOTpeH KOCMnnecKHn annapaT 
Rosetta, b co 3 #aHHH KOTOporo npnHHMa- 
jih ynacTHe EKA n NASA. 

npH C03^aHHH KOCMHHeCKOH TCXHH- 
KH C HCII0JIB30BaHHeM KOMIUieKTyiOmHX 
H3AejiHH npe^npnuTnn ^pyrnx CTpaH 
HeoOxo^HMO TmaTejiBHO corjiacoBBiBaTB 
B3aHMonpHeMjieMBie TpeOoBamra. Taicoe 
B3aHMOAeHCTBHe TpeOyeT co3£aHHn Me- 
xaHH3MOB corjiacoBamni napaMeTpoB, b 
K anecTBe kotopbix otmcthm CTaH^apTH- 
3ai^Hio, HanpHMep, nepe3 fleirrejiBHOCTB 
Me^yHapo^Horo KOMHTeTa no CTaH- 
AapTH3ai^nn cncTeM nepe/jann ^aHHBix b 
KoeMoce (CCSDS). 

Ha ocHOBe [2; 3; 5] npe^jiaraeM 
BBI^eJIHTB Tpn TpynnBI (J)aKTOpOB KOH- 
CTpyKTHBHO-KOMnOHOBOHHOH CXCMBI 
KOCMnnecKoro annapaTa: 

1) TexHHHecKne, hto onpe^ejmiOT 
B3anMOAencTBne cocTaBjHnomnx anna- 
paTa: 

- cocTaB OopTOBon annapaTypBi, 
oco6eHHOCT5iMH ee pa3MemeHHn n 

^yHKI^HOHHpOBaHHa; 

- B3anMHoe pacnoji05KeHne cocTaB- 
jnnomnx 6jiokob OopTOBon annapaTypBi; 

- TennoBoe paccenBamie OopTOBon 
annapaTypBi n TpeGoBamra no TepMO- 
CTa6njiH3anHH; 

- BBl6op OnTHMaJIBHOH CXCMBI pa3- 
Mememni 6 jiokob OopTOBon annapaTy- 
pBi c yneTOM MaranTHBix nojien, paijn- 
OHaJIBHOH CHJIOBOH CXCMBI, B3aHMHBIM 
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pacnoji05KeHneM otacjibhbix aneMeHTOB 
KOHCTpyKI^HH ^JI5I 3aiIIHTBI 6opTOBOH 
annapaTypBi ot B03AencTBna (jmKTOpOB 
KOCMnnecKoro npocTpaHCTBa; 

- TpeOoBaHHn no TexHOJioranHOCTH 
c6opKH n ncnBiTaHH^M 6opTOBOH anna- 
paTypBi b cocTaBe KOCMnnecKoro anna- 
paTa; 

- B03M05KH0CTB 3aMeHBI BBIUie^UinX 
H3 CTpon npn ncnBiTaHHax npnOopOB n 
y3JiOB 6e3 no^peryjinpOBKH (MO/jHtjmica- 
ijhh) ^pyrnx npnOopOB n y3JiOB; 

- B03M05KH0CTB y#o6Horo /jocayna 
k npnOopaM, ycTponcTBaM n pa3BeMaM; 

- 6e3onacHOCTB pa6oT npn npOBe^e- 
HHH HCnBITaHHH H T.fl. 

2) 3KcnjiyaTan,noHHBie, hto xapax- 
TepH3yiOT ypOBeHB COOTBeTCTBHH Tex- 
HnnecKHx xapaKTepncTHK annapaTa ero 
ochobhoh 3a^aHe: 

- TOHHO CTHBie XapaKTepHCTHKH CO- 
rjiacHO c TexHHnecKHM 3a^aHneM n ije- 
jibio; 

- MajiBie MaccBi n raOapnTHBie pa3- 
MepBi; 

- noHH^ceHHO e 3HepronoTpe6jieHne 
n BBinojiHeHne TpeOoBaHnn TennoBoro 
npoeKTHpOBamra; 

- noBBiineHHBin cpox aKTHBHoro cy- 
mecTBOBaHna; 

3) OpraHH3aiI,HOHHO-3KOHOMH I ie- 
CKne, hto xapaKTepH3yiOT ocoOchhocth 
opraHH3 an,nn pa3pa6oTKH n ncnojiB30- 
BaHHH KOCMnnecKoro annapaTa, a Taioice 
HanpaBjieHBi Ha onTHMH3an,nio ctoh- 
mocthbix napaMeTpoB: 

- OnTHMaJIBHBie (no B03M05KH0CTH 
C}KaTBie) CpOKH pa3pa60TKH H H3TOTOB- 
jiemm; 

- npneMjieMan ctohmoctb £jih ksluk- 
#oro H3 napraepOB n t. a. 

Hy5KHO TaK5Ke OTMeTHTB TOT (J)aKT, 
hto npn co3^aHHH KOCMnnecKoro anna- 


paTa nmeTCfl KOMnpOMHCC Me)K£y nc- 
n0JIB30BaHHeM HHHOBaiJHOHHBIX COCTaB- 
jnnomnx 3jieMeHTOB n npnMeHeHneM 
yHH^HI^HpOBaHHBIX (3aHMCTBOBaHHBIx) 
npnOopOB, yyK e cynjecTByiomHx b £py- 
rnx c(Jiepax hjih KBajin(j)HijHpOBaHHBix 
£JHI KOCMHHeCKHX yCJIOBHH [6]. 

HCX0£H H3 3TOTO, BBI^eJIHM TpH MO- 
Aejin pa3pa6oTKH KOCMnnecxoro anna- 
paTa: 

1. Mo^eJIB KOMOHHHpOBaHHa - nc- 
nojiB30BaHne Rim KOCMnnecxoro npoex- 
Ta cymecTByiomnx TexHOJiornn H3 pa3- 
jihhhbix OTpacjien nyreM nx a^anTai^nn 
^Jia HCn0JIB30BaHH^ B HOBBIX yCJIOBHUX; 

2. Mo^ejiB ijejieBon pa3pa6oTKH - 
ncnojiB30BaHne rim KOCMnnecxoro npo- 
eKTa cneianajiBHO pa3pa6oTaHHBix Tex- 
hojiothh; 

3. CMemaHHaa MO^ejiB TexHOJiorn- 
necKon pa3pa6oTKH - ncnojiB30BaHne 
£jm KOCMnnecKoro npoeKTa cymecTBy- 
lomnx TexHOJiornn n cnei^najiBHO pa3- 
paOoTaHHBix TexHOJiornn. 

no3TOMy 3aAana C03^aHH5i KOCMnne- 
ckoto annapaTa npe^B^Bji^eT BBiconan- 
m He TpeOoBamm k Ha^e^cHOCTH n ho- 
CHT KOMnjieKCHBIH XapaKTep. n03T0My, 
ecjin Ha 3Tane npoeKTHpOBaHnu 6 bijih 
3ajio)KeHBi ouihOkh, to 3aTeM nx oneHB 
CJI05KH0 Jin6o HeB03M05KH0 HCnpaBHTB 
b pe3yjiBTaTe aBapnn, hto npnBO^T k 
O oJIBUIHM 3KOHOMHHe CKHM yOblTKaM. 

CnnTaeM, hto onTHMajiBHBiM nyTeM 
(jiopMHpOBaHna TexHOJiornnecKoro na- 
KeTa KOCMnnecKoro npoeKTa nBjineTCn 
ncnojiB30BaHne MeTO^a napajuiejiBHon 
HH5KeHepHon pa3pa6oTKH. 

CoraacHO RjiaccnnecKOMy onpe- 
^ejieHHio, napajuiejiBHan HH5KeHepHaa 
pa3pa6oTKa (concurrent engineering 
hjih C-TexHOJiornu) npe^CTaBjineT co- 
6on CHCTeMHBin nojxxoji k nojrroTOBKe 
npOH3BOACTBa, hto oOecneuHBaeT kom- 
njieKCHyio napajuiejiBHyio pa3pa6oTKy 
npo^yKi^nn n eonyTCTByiomux npoi^ec- 
cob, npeAycMaTpHBan c caMoro Hanajia 
paccMOTpeHne Bcex cocTaBjnnomnx 
5KH3HeHHOrO I^HKJia npO^yKIJHH ot pa3- 

paOoTKH KOHi^eni^nn a o yTHjiH3 an,nn . B 
ocHOBe flaHHoro no^xo^a jie^cnT n^ea 
coBMemeHHoro npoeKTHpOBaHnu npo- 
^yKi^nn, a TaK5Ke npoi^eccoB ee H3roTOB- 
JieHHH H C0np0B05K^eHHH. 

Ha pnc. 1 noKa3aHa cxeMa (JiopMH- 
pOBaHna TexHOJiomHe CKoro naKeTa b 
ycjiOBnax napajuiejiBHon HH5KeHepHon 
pa3pa6oTKH c yneTOM KpHTepnn TpaHC- 
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IIpaBHjia 



Phc. 2. CxeMa (|)opMHpoBaHH5i TexHOJioriiHecKoro naKeTa npoeKTa 
KOCMHnecKoro annapaTa Ha ocHoee KjiaccH^Hunpyiomeii chctcmw 


4>epa TexHOJiorHH H3 npyrnx odjiacTeii 
h TpaHC(j)epa nojiyneHHBix pe3yjn>TaTOB 
BCJie^CTBHe B3aHMHOH MO^H^HKai^HH 
TexHOJiorHH b naxeTe. 

no oijemcaM sxcnepTOB, chhxpoh- 
Han pa3pa6oTxa H3^ejiHH, nonroTOBxa 
nenonxH nocTaBOK h TexHOJiorHHecxHx 
acnexTOB npoH3BO^,CTBa b enHHoii ch- 
CTeMe no3BOJiaeT coxpaTHTB cpox pa3pa- 
6 otkh ^oxyMeHTai^HH Ha 70%, ycxopHTB 
BHeceHHe H3MeHeHHH Ha 65-90% h ode- 
cneHHTt 3anycK b npOH3BoncTBO hobbix 
BH^OB HJIH MO£H(j)HKaiJHH npO^yKI^HH 

npaxTHHecKH onHOBpeMemio c ee npo- 
exTHpOBaHHeM [4]. CncTeMy napajuiejiB- 
Horo HH^cHHHpHHra ycneniHO Hcnojn>3y- 
K)T Taxne HHOCTpaHHBie XOMnaHHH, xax 
EBponencxoe xocMHHeexoe areHTCTBO, 
NASA Integrated Design Center, French 
Space Agency, Boeing. 

,H,ocTH)xeHHK> no^odHBix pe3yjiBTa- 
tob cnoco6cTByeT #Ba ochobhbix npneMa: 
KHTerpanna h napajuiejiH3M [1; 4]. Hnre- 
rpanna npenycMarpHBaeT, hto cnenHajm- 
ctbi (J)yHxu,HOHajiBHBix n0 ( npa3,zi,ejieHHH, 
BOBjieneHHBix b nponecc pa3pa6oTXH, h 
npyrne 3aHHTepecoBaHHBie jmna ^ojdxhbi 
paOOTaTB B TeCHOH B3aHMOCB5I3H (OT pa3- 
paOoTXH xoHnennHH nponyxnHH no ee 
nocTaBXH h nocjienyK>meii ynumaaniffl). 

aHHaa KHTerpanna ycnjiHH peajiBHO ot- 
pancaeTca Ha yjiyHHiemiH xanecTBa xoHen- 
hoh npoAyxHHH. napajuiejiH3M aBTOMa- 
THnecxH coxpamaeT cpoxn pa3pa6oTXH 
npo^yxnHH h BHeceHna H3MeHeHHH, Tax 
xax pemeHHe 3anan BBinojmaeTca napaji- 
jiejiBHO, a He no cjienoBarejiBHO . npn hc- 
nojiB30BaHHH Merona napajuiejiBHoii pa3- 
paOoTXH MHorne npodneMBi, hto Moryr 
B03HHXHyTB Ha 60Jiee n03^HHX CTa^HflX 
}XH3HeHHoro nnxjia annapaTa, MoryT 6 bitb 
BB iHBjieHBi h peHieHBi hmchho npn ero 
npOeXTHpOBaHHH. 

npoBeAeHHBin aHajiH3 noxa3aji, hto 
^ aHHBin MeTon HanpaBjieH Ha onTHMH3a- 
nmo h pacnpenejieHHe pecypcoB ynacT- 
hhxob npoexTa npn npoexmpOBaHHH h 
pa3pa6oTxe nponyxnHH odecneHerow 
pannoHajiBHoro h 3(j)(j)exTHBHoro h npo- 
necca pa3pa6oTxn nponyxnmi. OnHaxo, 
b cjiynae TexHonoraHecxoro naxeTa xoc- 
MHHecxoro npoexTa napajuiejiBHaa mnxe- 
HepHaa pa3pa6oTxa npnodpeTaeT HOBoe 
3HaneHHe H3-3a hco6xo^hmocth yBa3XH 
TexHOJiorHHecxoro nponecca b paMxax 
pa3HBix TexHOJiorHHecxHx naxeTOB. 

npoBeAeHHBin aHajiH3 noxa3aji, hto b 
XOCMHHeCXOH OTpaCJIH YxpaHHBI ^aHHBIH 


mqtoji npaxTHnecxH He HcnojiB3yeTca 
H3-3a o6oeo6jieHHOCTH HayHHBIX HCCJie- 
^OBaHHH B HayHHO-HCCJie^OBaTeJIBCXHX 
HHCTHTyrax h By3ax h OTcyrcTBHH Map- 
xeTHHra coTpynHHnecTBa (napTHepcxoro 
MapxeTHHra) c nejiBio ynacTmi b Me;>xny- 
Hapo^HBix npoexTax, hto npHBonrrr x no- 
Tepe HHHOBanHOHHoro noTeHi^najia H3-3a 
BpeMeHHoro jiara h B03pacTaHHH TpaH3ax- 
nnoHHBix H3flep)xex h H3^ep5xex MOAH(J)H- 
XaHHH (yHH(j)HXaiJHH) TeXHOJIOTHH. 

C-TexHOJiorns b ycaoBnax xocmhhc- 
cxoh OTpacjin ocHOBaHa Ha HHTerpHpo- 
BaHHoir pa3pa6oTxe nponyxnHH h nponec- 
cob, TexHOJiornax nonnepmcH npHHtfTira 
pemeHHH h mohcct 6bitb paccMOTpeHa 
Ha Tpex CTa^HHx: (jDopMHpoBamie cnenn- 
(j)Hxai^HH TpedoBaHHH, xoHi^emyajiBHoe 
npoexTHpoBaHne h neTajiH3HpoBamioe 
npoexTHpOBaHne. Ha nepBOH CTannn ocy- 
uzecTBjiaeTca aHajiH3 hcxo^hbix TpedoBa- 
hhh h orpaHHHeHHH, naeTca oneHxa B03- 
mo5xhocth Haxo^xneHira npoexTHoro pe- 
HieHHa, Ha BTOpOH - BBldop ^OnyCTHMBIX 
(b xoHTexcTe nocjienyiomero xoMnjiex- 
CHpOBaHira) THnoB npoexTHBix pemeHHH 
(xoHnennHH peajnmnHH sjieMenroB mo- 
nejm npe^MeTHOH odjiac™), Ha TpeTBen - 
BBi6op TexHHHe cxhx pemeHHH. B ochobc 
npHMeHeHHa napajuiejiBHoii HHixeHepHOH 
pa3pa6oTXH jie^cHT xoHijemjmi o B03M05X- 
hocth HepapxHHecxoro npe£CTaBjieHmi 


CHCTeM odnexTa h xoHnennHH o B03M05X- 

hocth HepapxHHecxoro npeACTaBjieHHa 
nerreH h 3a^an ^eaTejiBHOCTH npoexTHpy- 
eMOH CJI05XH0H CHCTCMBI. 

Ha ocHOBe xjiaccHtjmipipyiomHx 
CHCTeM flpx. XojuiaH^a mbi npe^JiaraeM 
paccMaTpHBaTB nponecc cj)opMHpoBaHHa 
TexHOJiorHHecxoro naxeTa npoexra b co- 
CTaBe Tpex B3aHMOCB5naHHBix noncHCTeM: 
xjiaecH(j)HxaTOpa, chctcmbi odyneHna h 
reHeTHHeexoro anropHTMa. B xjiaccH(j)H- 
xaTOp nocTynaeT HH^opManna o eyme- 
CTByion^Hx TexHortornax. KjiaecH(J)HxaTOp 
eonep)XHT npaBHjia, e noMomBio xoTOpBix 
(J)OpMHpyiOTC^ pe3yjIBTaTHBHBie OneHXH 
TexHOJiorHH. Odynaiomaa CHCTeMa bbi- 
nojmneT onemcy HcnojiB3yeMBix npaBHji 
OTdopa. reHeTHHeexHH anropHTM npenHa- 
3HaneH jjjm MonH^nxanHH npaBHji. Pa3pa- 
doTaHHaa exeMa (JiopMHpOBaHHn TexHOJio- 
rHHecxoro naxeTa npoexra npencTaBjieHa 
Ha pnc. 2. 

TaXHM 0dpa30M, B03M05XH0CTH hc- 
nojiB30BaHHH MeTona b xocMnneexoii ot- 
paCJIH OCHOBaHBI Ha TOM, HTO COBpeMCH- 
hbih xocMHHeexHH annapaT Rim HCCJie- 
noBaHHH npencTaBjiaeT codon chhtc 3 
H3MepHTejiBHoii h cjiyjxedHOH annapa- 
Typ (hardware) h jiorHHeexH-nHcJipoBoro 
dopTOBoro nporpaMMHoro odeeneHeHHn 
ee (jiymcnHOHHpoBaHmi (software). Yc- 

JIOBHeM OnTHMaJIBHOH XOHCTpyxnHH 
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annapaTa hbjiuctoi hx nojiHoe B3anMHoe 
COOTBeTCTBHe, HTO 0 C 06 eHH 0 aKTyaJIB- 
ho b MOK^yHapo^HBix npoeKTax h hto 
^ojdkho o6ecnenHBaTBca eoTpy^HHne- 
ctbom y>Ke H3 HanajiBHoro 3Tana npoex- 
THpOBaHHa annapaTa. 

IIoTeHi^Haji eo3£amui TexHOJiornn 
n nx TpaHC(j)epa b ycjiOBHHx MeTO^a na- 
pajuiejiBHon HH^ceHepHon pa3pa6oTKH 
6a3HpyeTC5i Ha 3HanHTejiBHOM cneKTpe 
B03M05KH0T0 HCn0JIB30BaHH5I TeXHOJIOrHH 
(transferable), a bo3mo5khoctb (jiopMHpo- 
BaHHn MOKAynapo^HBix ceTen TpaHC(J)e- 
pa KOCMnnecKHx TexHOJiornn BBiTexaeT 
H3 nojKmeHHH ^oroBopa o npHHunnax 
^eaTejiBHOCTH roeyaapCTB no hccjicao- 
BaHHK) H HCn0JIB30BaHHK> KO CMHHe CKOTO 
npocTpaHCTBa, peajiBHoe BBinojiHeHne 
KOTOporo noTeHi^najiBHO npHBe/jeT k 3Ha- 
HHTeJIBHBIM 3KOHOMHHeCKHM BBITO^aM. 
HcnojiB30BaHne MeTO/ja napajuiejiBHoro 
HH5KHHHpHHra 6y^eT co^encTBOBaTB pa3- 
bhthk) 3(|)(j)eKTHBHoro MOK/jyHapOAHoro 
coTpyaHnnecTBa b kocmhucckoh OTpacjin, 
B T.H. Ha KOMMepneCKOH OCHOBe, Ha OCHOBe 
(^OpMHpOBaHHa e^HHOTO HH(j)OpMaHHOH- 
hoto npoeipaHCTBa. 
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APPLICATION OF FUZZY LOGIC 
METHODS FOR DECRYPTION 
AND ASSESSMENT OF LEARNING 
OUTCOMES PRESENTED IN THE 
COMPETENCE-BASED FORMAT 

V.I. Freiman, Candidate of Technical Sciences, Associate 
Professor, Doctoral Candidate 

Perm National Research Polytechnic University, Russia 

In order to increase the accuracy and reliability of assessment 
of learning outcomes given in the competence-based format, it is 
possible to use the approved approaches and methods from contiguous 
scientific areas. In particular, we propose using the fuzzy logic 
apparatus when decoding the results of test-based diagnosing of the 
competency development levels and their components. Adaptation of 
basic definitions of fuzzy logic to the set subject domain is performed. 
Approaches for solving the problem of the acquired competence 
assessment are given, as well as illustrative examples, showing the 
basic capabilities of the proposed methods and their robustness. An 
algorithm is proposed for decoding the results of test-based diagnosing 
of levels of development of competence elements, constructed on the 
basis of concepts and fuzzy logic apparatus methods adapted to the 
subject-related field. 

Keywords: competence elements, test-based diagnosing, decoding, 
fuzzy logic, membership function, term-set, linguistic variable. 
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nPHMEHEHHE METOflOB HEHETKOH 
JIOrHKH Jim AEniHOPALfHH H 
OLfEHHBAHUH PE3YHKTATOB 
OEYUEHHil, nPE/fCTABJlEHHblX B 
KOMIIETEHTHOCTHOM OOPMATE 

OpeiiMaH B.H., KaHu. TexH. HayK, uoueHT, uoKTOpaHT 
riepMCKHH H aifH OHaJIBHBIH HCCJie,U,OBaTeJIBCKHH 
nOJIHTeXHHHeCKHH yHHBepCHTeT, Poccna 

nOBbimCHHH TOHHOCTH H UOCTOBepHOCTH OUCHUBaHUH pe3yjlb- 
TaTOB odyneHua, 3auaHHbix b KOMneTeHTHOCTHOM (JjopMare, bo3mo)kho 
ncnojiB30BaHHe anpodnpoBaHHbix nouxouoB n mcto/job H3 CMe>KHbix 
odjiacTen HayKH. B nacTHOCTu, npe/piaraeTca npHMeHeHne annapara 
HeneTKon jiornKH ujm chhthh HeonpeaejieHHOCTu npn aemncftpaunn 
pe3yjibTaTOB TecTOBoro anarHOCTupoBaHna ypoBHa ocBoemia KOMne- 
TeHitnn n nx cocTaBjunoiunx. BbinojiHeHa auanTapna ochobhbix noHa- 
thh annapaTa HeneTKon JiornKH npHMeHHTejibHO k 3auaHHon npe/tMeT- 
hoh odnacTH. IIpHBeaeHbi njuifocTpnpyfoinne npHMepbi, noKa3biBaio- 
iune npHHunnHajibHyio B03M0acH0CTb n KOppeKTHOCTb npHMeHeHna 
npe/piaraeMoro annapaTa n nouxouoB k pemeHmo 3auann ouchkh npn- 
odpeTCHHbix KOMneTeHunn. npe/piaraeTca aaropHTM uemncjtpauHH pe- 
3yjibTaTOB TecTOBoro anaraocTupoBaHna ypoBHa ocBoeHna ajieMeHTOB 
KOMneTeHunn, nocTpoeHHbin Ha ochobc auanTnpOBaHHbix k npe/jMeT- 
hoh odjiacTH noHaTHH n MeToaoB annapaTa HeneTKon jiothkh.. 

KjiHjneBbie cjiOBa: aneMeHTbi n KOMnoHeHTbi KOMneTeHunn; Te- 
CTOBoe unaraocTHpOBaHne; uemn^papna; HeneTKaa jiornKa; (jjyHKuna 
npHHauJieacHOCTn; TepM-MHoacecTBo; jinHrBHCTHnecKaa nepeMeHHaa. 

YnaCTHHK KOH(J)epeHUHH, 

HaunoHajibHoro nepBeHCTBa no HayHHoii aHajiHTHKe 
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B eeueHHe. IIocTaHOBKa 3auaHH. 

J\m coBpeMeHHoii HayKH xapaicrep- 
Ha uHBepcn^HKauna mctouob pememia 
cjioiKHBix 3auau b CMeacHBix odjiacTax 
HayKH, TeXHHKH H TeXHOJIOrHH. 3 to no- 
3BOJiaeT HaiiTH HeTpHBHajibHbie perne- 
HHa aKTyajibHBix 3auau, KOTOpBie 00 - 
3BiBaiOTca donee 3(jx]ieKTHBHBiMH, ueM 
H3BecTHBie h anpodHpoBaHHBie nouxo- 
Ubi. Tax, HanpHMep, npn pemeHHH paua 
npodjieM b counajiBHBix h okohomhhc- 
ckhx CHCTeMax HaxouaT npHMeHeHne 
TaKne «HeKjiaccHuecKHe» ujia yxa3aH- 
hbix OTpacjieii HayuHBie HanpaBjieHHa, 
Kax Teopna HHtjiopMauHH, Teopna aBTO- 
MaTHuecKoro ynpaBjieHHa, TexHHuecKaa 
UHaraocTHKa, Teopna BepoaTHOCTH, Te- 
opna CHCTeM MaccoBoro odcjiyacHBaHHa, 
annapaT HeueTKOH jiornKH, npHHUHnbi 
HenpOHHBix ceTen h t .r. 3to no3BOJiaeT 
auanrapoBaTB OTpadoTaHHBie MexaHH3- 
MBI H aJirOpHTMBI K HOBBIM odbCKTaM H 

npoueccaM, uaTB 3(j)(]3eKTHBHBie perne- 
HHa, ocodeHHO UJia MHoronapaMeTpH- 
uecKHx h cjia6o4>opMajiH3yeMBix 3auan. 

B HacToaiuen CTaTbe npeujioaceHBi 
nouxoubi k pemeHHK) 3auau KOHTpo- 
aa pe3yjiBTaTOB odyneHHa, 3auaHHBix b 
KOM neTeHTHOCTHOM (|)OpMaTe, C HCnOJIB- 


30BaHneM MaTeMaTHuecKoro annapaTa h 
M eTOuoB HeneTKOH jiothkh [1]. AnnapaT 
HeneTKOH jiothkh 6biji npHMeHeH, b 
nacTHOCTH, ujia pemeHHa 3auan aBTOMa- 
THuecKoro ynpaBjieHHa odbeKTaMH, ujia 
KOTOpBIX OTCyTCTByeT HJIH CJIOJKHOpe- 
ajiH3yeMO MareMaTHnecKoe onHcamie. 
OdbeKTBi ynpaBjieHHa h KOHTpojia b 
paMKax CHCTeMbi o6pa30BaHHa nona- 
uaiOT HMeHHO nou Taxoe onHcamie H3- 
3 a «HejiOBenecKoro (j)aKTOpa» [2, 3, 4]. 
Taxace HMeeTca dojibinoe kojihucctbo 
B3aHMyBa3aHHbix HeueTepMHHHpOBaH- 
hbix napaMeTpOB [5,6], ynecTB KOTOpBie 
KoppeKTHon MareMaTHnecKOH MouejiBio 
HeB03M05KH0 [7, 8, 9]. 

Bo 3 HHKaioiuHe HeonpeuejieHHOCTH, 
HanpHMep, Ha 3 Tane ueuiH^pauHH pe- 
3 yjibTaTOB KOHTpojia [ 10 ], npeuJiaraeTca 
pa 3 pemaTB npn noMOiun mctouob HeneT- 
koto BBmoua, c nocjieuyioiuHM npeo 6 - 
pa30BaHneM h npHBeueHHeM k neTKOMy 
BBIBOUy. 3t0 n 03 B 0 JIHT, B HaCTHOCTH, nO- 
JiyHHTB HeodxOUHMyiO HH(j)OpMaUHK) o 
pe 3 yjiBTaTax KOHTpojia, KOTOpyio mojkho 
HCn 0 JIB 30 BaTB RJIK OlfCHKH, aTTeCTaifHH, 
onpeuejieHHa HeuocTaTOHHO ocBoeHHBix 
BonpocoB, (JjopMHpOBaHHa nepeuHa Kop- 
peKTHpyioiuHx MeponpnaTHH h upyrnx 


ueiiCTBHH no ynpaBjieHHio h kohtpojiio 
KanecTBa odyneHHa [ 11 ]. IlpeuJiaraeMBie 
nouxoubi h ajiropHTMbi MoryT 6 bitb hc- 
nojiB 30 BaHbi b cocTaBe MeTOunnecKoro, 
HH(j)OpMaUHOHHOrO H aJITOpHTMHHeCKO- 
ro odecneneHHa aBTOMara 3 HpOBaHHOH 
CHCTeMbi ynpaBjieHHa h KOHTpojia Kane- 
CTBa odyneHHa. 

1 . OcHoenbie noHHMun annapama 
HenemKou jiozuku npuMenumejibHo 
k npedjuemHou oo.iacmu Koumpo.in 
pe 3 yjibmamoe odyneHun. HcHCTKyto 
JIOTHKy 3(J)(|)eKTHBHO npHMeHaTB B Tex 
CHTyaunax, Korua HeT tohhoto MaTeMa- 
THuecKoro onncaHHa odneKTa ynpaBjie- 
HHa h/hjih KOHTpojia, a Taxace HeT ueTep- 
MHHHpOBaHHoro onncaHHa HCXOUHBIX 
uaHHBix (HcnojiB3yeTca HHTepBajiBHoe 
3auaHne odjiacra 3HaneHHH nepeMeH- 
hbix). YKa3aHHaa oco6chhoctb npHMe- 
HeHHa nojiHOCTBio nouxouHT pac- 
CMaTpHBaeMOH npeuMeTHoii odjiacra, b 
KOTO poii odneKTOM KOHTpojia aBjiaeTca 
COBOKynHOCTB 3JieMeHTOB UHCUHnjIH- 
HapHBix KOMneTeHifHH (3fl,K), a npeuMe- 
tom KOHTpojia - ypOBeHB (cTeneHb) hx 
OCBO eHHa B COOTBeTCTBHH c 3auaHHOH 
HiKajioii oueHHBaHHa [2]. 

BBeueM ocHOBHBie onpeuejieHHa an- 
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BapnaHTbi 3HaneHHH bhxoahoh jumrBHCTHHecKoii nepeMeiraoii 


Xo 

3, 

3 2 

3HaneHH5i bbixojjhoh 

JIHHTBHCTHHeCKOH nepeMeHHOH 

KoJIHHeCTBO 

h3^K 

06o3HaHeHHe (6) 

1 

0 

0 

3, & 3 9 

2 


2 

0 

1 

3j & 3 2 

1 


3 

1 

0 

3j & 3 2 

4 

1 

1 

3j & 3 2 

0 



napaTa HeneTKOH jiothkh npHMeHHTejiB- 
ho k paccMaTpHBaeMOH npe^MeTHOH 
o6jiacTH. J\jik 3Toro Bbi6epeM npocTen- 
rnyio 3a#any KOHTpojia - o^hh 3^K (3) 
npOBepneTCn HH/jHBH/jyajiBHBiM (npo- 

CTBIM) TeCTOM (T) [10]. 

YnueepccuibHoe MHOotcecmeo (ynu - 
eepcyM ) b flamiOM cjiynae npe^CTaBjiaeT 
co 6 oh coBOKynHOCTB bo3mo5khbix 3Hane- 
HHH pe3yjIBTaTOB TeCTHpOBaHHa (oi],eHKH 
3a TecT) T (npHMeM, hto oijeHKa 3a TecT 
H0pMajiH30BaHa b ^Hana30He [0; 1]). Bbi- 
xodncm JiumeucmimecKcm nepeMeHHcm 


M T ) 


O -T 

,H 3 (T) = 

'^'nop. 


T-O nop . 
i-o nop . ' 


XapaKTep (jiymojHH npHHa^jie^cHO- 
cth £jia TepMa «3J\K He ocBoeH» o6y- 
CJIOBJieH npHHOTOH MOAeJIBIO CHH)KeHH5I 
CTeneHH «HeocBoeHHn» 3^K ot 1 flo 0. 
XapaKTep (JiyHKijHH npHHajyiOKHOCTH 
j\jiK TepMa «3J\K ocBoeH» o6ycjiOBjieH 
npHHOTOH MO^eJIBK) nOBBIHieHHH CTene- 
HH «OCBOeHHH» 3J\K OT 0 £0 1. ^aflHM 
KOMMeHTapHH nO HeKOTOpBIM 3HaneHH- 
am pe3yjiBTara TecTHpoBamni h coot- 




a 6 b 


PhC. 1. OyHKpHH npHHa^Jie>KHOCTH TepMOB: 
a - Oil TepMa «3 r 3,K He ocboch»; 6 - On TepMa «3 r 3,K ocboch»; 
6 - on TepM-MH05KeCTBa 


onpe^ejiaeT ypoBeHB ocBoeHHH 3RK, T.e. 
npHHaAJiOKHOCTB pe3yjiBTaTa k onpe^e- 
neHHOMy ypoBHio 3a^aHHOH HiKajiBi one- 
HHBaHHa (npHMeM ^ByxypOBHeByio niKany 
oi^eHHBaHHa - no nojio)KeHHio pe3yjiBTara 
TeCTHpOBaHHa OTHOCHTeJIBHO 3a,2,aHHOrO 
noporoBoro 3HaneHHa npHrarraa pememni 
Onop.) c HcnojiB30BaHHeM cpyHKifuu npu- 
HadjieofCHOcmu (Oil). Bbixo^Haa jihhtbh- 
CTHnecKaa nepeMeHHaa mokct 6bitb bbi- 
pa^ceHa nepe3 mepM-MHODtcecmeo , npe^- 
CTaBJHHOHiee MH02KCCTB0 B03M05KHBIX 

bbibo^ob no pe3yjiBTaTaM TecrapOBaHHa h 
cocToamee, b nacTHOCTH, H3 AByx TepMOB: 
{«3fl,K He ocBoeH» (3); «3 r T(K ocBoeH» 
(3)}. KoHKpeTHoe 3HaneHne Oil 6yzjeM Ha- 
3BiBaiB cmeneubjo npimadjiejtcHocmu (CII). 

OyHKIJHH npHHa^Jie}KHOCTH Ka)K- 
#oro TepMa no pe3yjiBTaTaM Mo^ejinpo- 
BaHHii MO)KeT 6 bitb onncaHa jihhchhoh 
3aBHCHMOCTBK> (pHC. 1) H npe^CTaBJICHa 
cjie^yioH^HM o6pa30M: 
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BeTCTByiOHUHM HM 3HaHCHHJIM (jjyHKIJHH 

npHHafljie5KHOCTH Run 3a^aHHoro O nop 
(HanpHMep, BBi6epeM O nop = 0,6). Mo®- 
HO HHTepnpeTHpOBaTB O nop CJie^yiOmHM 
o6pa30M - MeHee 60 % otbctob Ha Te- 
CTOBBie 3a£aHH5i npaBHjiBHBie - 3^K 
He ocBoeH, 60 % h 6ojiee otbctob Ha 
TecTOBBie 3a^aHH« npaBHjiBHBie - 3^K 
OCBOeH. 

B MO^ejin npocToro TecTa Heonpe- 
AejieHHOCTH npn jioKajiroaijHH 3Hane- 
hhh bbixo^hoh nepeMeHHOH HeT, Tax KaK 
HeT o6jiaCTH HaJI05KeHHH (jjyHKIJHH npH- 
HaAJie)KHOCTH pa3HBix TepMOB. ^anee 
nepen^eM k moacjhim 6ojiee cjiombix 

TeCTOB, KOHTpOJIHpyiOH^HX HCCKOJIBKO 

3flK. 

2. npHMeHeHHe HeneTKoro bbi- 
BO/ja AeuiH^papHH pe3yjibTaTOB 

CJI05KHOTO TeCTa. IIoCTpOHM MO^eJIB 
J\JIK CJI05KHOTO TeCTa, KOHTpOJIHpyiOH^e- 
ro ^Ba 3J\K: 3 { h 3 r YHHBepcajiBHoe 


MHO)KecTBO b ^aHHOM cjiynae npe^CTaB- 
jiaeT co 6 oh coBOKynHOCTB pe3yjiBTaTOB 
TeCTHpOBaHH^ B BH^e OI^eHKH O(T), 
H0pMajiH30BaHH0H b ,zpiana30He [0; 1] 
h o 6 o 3 HanaeMyio ^ajiee Taioxe nepe 3 T. 
Bbixo^hoh jiHHTBHCTHHecKOH nepeMeH- 
HOH aBJIHeTCa HH^OpMai^H^ 06 ypOB- 
He OCBOeHH^ Bcex KOHTpOJIHpyeMBIX 
3J\K S, onpe^ejiaeMaH kojikhcctbom 
H eocBoeHHBix 3/],K (h 3^K). OHa mo- 
5KeT 6 bitb BBipa)KeHa nepe3 TepM- 
MHO)KeCTBO, COCT05IHiee H3 TpeX TepMOB: 
{«o 6 a 3J\K He ocbochbi» (S 2 ); «oahh h 3 
3J\K He ocBoeH» (S x ); «Bce 3^K ocbo- 
eHBi» (S 0 )}. BapnaHTBi 3 HaneHHH bbi- 
XOAHOH JIHHTBHCTHHeCKOH nepeMeHHOH 
MoryT 6 bitb npe/iCTaBjieHBi b TaOjinn- 
hom BH^e nepe3 Bee BapnaHTBi coneTa- 
HHH 3HaneHHH ypOBHH OCBOeHHH Ka)K^O- 
ro H3 KOHTpojrapyeMBix 3J\K (Ta 6 ji. 1). 
B Ta 6 ji. 1 npHHOTBi cjie^yiomHe ycjiOB- 
HBie o6o3HaneHH5i: 0 - 3J\K He ocboch, 
1 - 3J\K ocBoeH. 

B o6meM cjiynae H3 MHoacecTBa, 
co^ep)Kamero h npOBepaeMBix tcctom 
3fl,K, i 3JieMeHTOB MoryT 6 bitb He ocbo- 
eHBi, a (h - i) - ocbochbi. IIo3TOMy oijeH- 
xa 3a TecT O(z) npn i HeocBoeHHBix 3fl,K, 
c yneTOM BBe^eHHBix orpaHHneHHH h 
AO nymeHHH, CTpOHTCJI B COOTBeTCTBHH C 
a^HTHBHBiM KHTerpo-^H^^epeHi^HajiB- 
HBIM KpHTepHeM [12], npH (JlHKCHpOBaH- 
hbix 3HaneHHax h h O : 

nop. 


o{i) = ±x j -o j = l -±o ] = 

7=1 n 7=1 

= T -(ZOT+gop, 

" 7=1 7=1 


( 1 ) 


r^e X. - BecoBOH ko34)$hi^hcht (no- 
Ka3aTeJIB Ba>KHOCTH KpHTepHa), npHHHTBI 
o^HHaKOBBi rjisl Bcex 3J\K; O. - oi^eHKa 
ypOBHa ocBoeHHn y'-ro KOHTpojinpyeMO- 
ro TecTOM 3 r D,K (Hen3BecTHa, Tax xax b 
pe3yjiBTaTe npOBepKH nojiyneH tojibko 
o 6 hjhh pe3yjiBTaT TecTa; Or - 3J\K He 
ocBoeH, O re [0; O ); O + - 3^K ocbo- 
eH, 0 + g [O ; 1]). 

7 j L nop/ J/ 
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Oijemca 3a TecT npn z HeocBoeHHBix 
3J\K O (z) HMeeT rpaHHHHBie 3Hane- 
HHIX 0(z) mjn - MHH. B03M05XHaH oijeHxa 
3a TecT npH z h3^K (VO/ = 0/ mjn = 0; 
0 + = 0 + = O ); O(z) - MaKC. bo3- 

j j min nop / 7 v 7 max 

MoacHaa ouchio 3a TecT npn i h3/IK 

(VO =0. =0 ;().♦ = O' =1): 

v j j max nop/ j j max 7 


0(0 e [ 0(0 . ; 0(0 ]; 

\ / l \ \ /rnax J7 


( 2 ) 


OU) . = l/h ■ (i-O- . +(h- i) 0 + . ) = 

v 7 mm v mm v 7 mm 7 

(l-i/hyo =0 -V O //z; ( 3 ) 

v ' nop. nop. nop. 5 v ' 


0(0 = \/h • (z -0 +(/z-z> 0 + ) 

v 7 max v max v 7 max 7 

= 1 - i/h‘(\ - O ) = 

v nop/ 

1 -Kl-O n Jlh. ( 4 ) 


TpojiHpyiomero h = 2 3J\K, KOTOpbie 

Onpe^eJiaT MHHHMaJIBHO H MaXCHMaJIB- 
HO B03M05KHBie 3HaHeHHH OIjeHOX npH 
pa3Hbix z = 0, 1,2 hO^K: 

OyHKiiM npHHa^jie}KHOCTH ^jhi 
Ka>K^oro 3HaneHHa bbixo^hoh nepeMeH- 
hoh xapaKTepH3yeT CTeneHb npHHajj- 
jie)KHOCTH, M05KeT 6bitb npe^CTaBjieHa 
JIHHeilHOH 3aBHCHMOCTBK>: 

npe^CTaBHM (J)yHKII,HH npHHa^JIOK- 
hocth Ha rpa^HKe (pnc. 2). XapaxTe- 
pHCTHKH (jjyHXIJHH npHHa£Jie5XHOCTH 
no/jTBep)K/iaiOTCfl Mo^ejinpoBaHHeM 
BCeX B03M05XHBIX COHCTaHHH 3HaneHHH 

ypOBHeii ocBoemni xa)X£oro H3 xoHTpo- 
jiHpyeMbix 3,ZJK h b HacimmeH pa6oTe 

He HpHBO^TCil. 


0 ( 0 ) . = (1 - 0 / 2/0 =0 ; 

v 7 min v 7 nop. nop/ 

0 ( 1 ) . = (1 - 1 / 2/0 = O / 2 ; 

v 7 min v 7 nop. nop. 7 

0 ( 2 ) . = (1 - 2 / 2/0 = 0 ; 

v 7 min v 7 nop. 7 


0(0) = 1 - 0/2 * ( 1 - O ) = 1; 

v 7 max v nop . 7 7 

0(1) — 1 - 1/2(1 - O ) = (l+0 )/2; 

v 7 max v nop . 7 v nop . 7 7 

0(2) = 1 - 2/2/1 - 0,5) = O . 

v 7 max v 77 nop. 


Mcekho CAenaTb bbibo/j, hto rpaHHH- 
HBie 3HaneHHa oiieHXH npn 3a/jaHHOM 
KOJiHnecTBe h3^K (z‘) onpejjejHHOTCfl 
oOlIJHM HHCJIOM paBH03HaHHBIX 3J\K h 
h noporoBBiM 3HaneHHeM npHHUTHu pe- 


HajiHHne o^Horo TecTa He #aeT bo 3- 
M05XHOCTH C^eJiaTB HeTKHH BBIBO^ (BBI- 
nOJIHHTB ^e(J)a33H$HKailHIO [1]) H3-3a 
BepOflTHOCTH B03HHXHOBeHHH KOMneH- 
eailHH BBICOKHX OIjeHOK HH3KHMH H Ha- 


(T) = %-^,T e [0;O nop );p 0 (T) = ] ° nop ,T e [O nop .;l]; 


O n 


1 - O n 




T-0 12 

^ TeTO /20 I 

p, ,ry ’ A L W nop. ' ^5 W nop./ 

U nop. ' A 

(1 + O nnn )/2-T 

— ^ T e [O ;(l + 0 )/2) 

(l + O nop .)/2-O nop ; nop - A nop - ; 


memra O nop . rpaHHHHBie oaeHKH 6y#yT 

HCnOJIB30BaHBI 3a^aHH^ JIOrHHeCKHX 
ycjiOBHH npn AeniH^paiiHH pe3yjiBTaTOB 
npOBepKH. 

Bbhiojihhm pacneTBi TecTa, koh- 


o6opOT. B npaxTHKe npHMeHeHH^ He- 
neTKOH jiorHKH 3HaneHHe nepeMeHHoii 
^onojiH^iOT, HanpHMep, 3HaneHHeM ee 
npOH3BOAHOH [1]. B HarneM cjiynae B03- 
M05KH0 ^onojiHeHHe o/jHoro TecTa ^py- 


thm, nepeeeKaiOHiHMC^ no HexoTOpBiM 
H3 KOHTpOJIHpyeMBIX 3JieMeHTOB [13]. 

3. fleuiH^pauHH pe3yjibTaTOB pe- 

aJlH 3 aUHH COBOKynHOCTH CJIO^CHblX 
TecTOB c npHMeHeHHeM annapaTa He- 
HeTKOH JiorHKH. IlyCTB TecT Tj KOHTpO" 
jiHpyeT ajieMeHTBi 3 l h 3 2 , a TecT T 2 - 
3jieMeHTBi 3 2 h 3 3 (nepeceneHne tcctob 
no 3JieMeHTy 3 2 ). xa^oro H3 hhx 
npOBO/jHTCfl $a33H(J)HxaiiHa h onpe^e- 

JHHOTC5I (^yHXIlHH npHHa^Jie5XHOCTH. 
Pa3MepHOCTB xa>x^oro TepM-MHO)xecTBa 
paBHa MaxcHMajiBHOMy xojiHnecTBy B03- 
M05XHBIX 3HaneHHH HeOCBOeHHBIX 3J\K 
(h3^K) - (h. + 1), r^e h. - xojiHnecTBO 
3^[K, XOHTpOJIHpyeMBIX XOHXpeTHBIM 
TecTOM T . IIo3TOMy o6niee xojiHnecTBO 
npOAyKIlHOHHBIX npaBHJI, B KayKJXOM H3 
XOTOpBIX no BBinOJIHeHHK) yCJIOBHH BH^a 

(IF ... THEN ...) npHHHMaeTca perne- 
Hne o 3HaneHHH bbixo^hoh nepeMeHHOH 
[12], onpeAejiaeTca xax npoH3Be^eHHe 
pa3MepHOCTen Bcex TepM-MHO)xecTB: 

(hj + l) x (h 2 + 1) = 9. 

BBixo^Haa jiHHrBHCTHneexaa nepe- 
MeHHaa npHHHMaeT 3HaneHH«, onpe- 
^ejiaeMBie hhcjiom coneTaHHH cocto- 
^HHH («OCBOeH»/«He OCBOeH») 
K2LHKJIOTO H3 h XOHTpOJIHpyeMBIX BCeH 
COBOXynHOCTBIO TecTOB 3JieMeHTOB, 
T.e. 2 h . nocxojiBxy b HarneM cjiynae 
h = 3 (3 1? 3 2 , 3 3 ), to o6niee xojiHnecTBO 
BapnaHTOB 3HaneHHH (cocto«hhh) bbi- 
xo^hoh nepeMeHHoii onpe^ejiaeTC^ xax 
2 h = 2 3 = 8 h moukqt 6bitb npe^CTaBjieHO 
b Ta6jiHHHOM BH^e (Ta6ji. 2). 3HaneHH5i 
bbixo^hoh nepeMeHHoii S 3a^a^HM b 
BH^ e ^eCOTHHHOTO HHCJia, COOTBeTCTBy- 

lomero ^BOHHHOMy xo^y, xapaxTeproy- 

lOHieMy COCTOaHHe OCBOeHHH 3JieMeHTOB 
(0 - 3,D,K He ocBoeH, 1 - 3J\K ocboch). 

TaxHM o6pa30M, 3HaneHH5i bbixoa- 
hoh nepeMeHHoii 3a^aiOTca TepMaMH c 
(^yHXIlHHMH npHHa^Jie)XHOCTH B BH^e 




a 


6 B 

Phc. 2. OyHKUHH npHHa/iJie^KHOCTH: 

a - TepMa ^ 2 ; 6 - TepMa S Q ; e - TepMa S t ; e - TepM-MHO»cecTBa 


r 
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Ta6ji. 2. 


3HaneHHn libixonioii nepeMeHHoil 


No 

3! 

3 2 

3 3 

L 

S 

1 

0 

0 

0 

3j & 3 2 & 3 3 

0 

2 

0 

0 

1 

3j & 3 2 & 3 3 

1 

3 

0 

1 

0 

3j&3 2 &3 3 

2 

4 

0 

1 

1 

3j & 3 2 & 3 3 

3 

5 

1 

0 

0 

3,&3 2 &3 3 

4 

6 

1 

0 

1 

3j & 3 2 & 3 3 

5 

7 

1 

1 

0 

3,&3 2 &3 3 

6 

8 

1 

1 

1 

3j&3 2 &3 3 

7 



Phc. 3. OyHKIJHH npHHa^JlOKHOCTH 
Bbixo^HOH nepeMeHHoil 

CHHrjieTOHOB (tojibko 3HaneHHa p = 1) 
[13] (PHC. 3). 

3anHineM npo,ayKpHOHHbie npaBHjia. 
Rim 3Toro npeanaraeTca bbccth jiora- 
necKoe onHcamie (L) Ka^oro ajieMenra 
TepM-MH05KecTBa nepe3 6yjieBbi (J)yHKii,HH : 


-rjvlT^ L 2 =3 l -3 2 ,L l = 3 l -3 2 + 

+ 3i • 3 2 ,L 0 = 3 { 3 2 , 

- Rim T 2 : L 2 =3 2 • 3 3 , A = 3 2 • 3 3 + 

+ 3 2 • 3 3 ,L 0 = 3 2 • 3 3 . 

Tor^a 3HaneHHe bbixo^hoh nepe- 
MeHHOH S b kslukjiom npaBHjie 6y^eT 
onpe^ejiHTbca KaK jiorHHecicoe npo- 
H3Be^eHHe BBipa^eHHH rjik coot- 
BeTCTByiOmHX TepMOB ( L = L { -L 2 ) H3 
Ta6ji. 2. 

CoBOKynHOCTb Bcex npaBHji y#o6- 
ho npe^CTaBHTB b BH^e Mampuijbi pe- 
luenuu. B Hen CTOJi6pbi cooTBeTCTByiOT 


ycjiOBHAM o^Horo napaMeTpa (7^), a 
CTpOKH - ycjiOBHHM ,apyroro napaMeTpa 
(T 2 ). Ha nepeceneHHH ctoji6pob h CTpox 
3anncbiBaiOTca bbibo^bi, cooTBeTCTBy- 
K>mne yKa3aHHbiM ycjiOBmiM (Ta6ji. 3). 
fl,ajiee npe^jiaraeTCJi anropHTM peme- 
hm 3a^aHH flennnjjpapHH pe3yjn>TaTOB 
peajiH3apnn coBOKynHOCTH tcctob c 
Hcnojib30BamieM ^e$a33HpHKapnn (no 
MeTo^y 3a^e) [13]. 

1 . no 3a^aHHbiM 3HaneHH5iM pe3ym>- 
TaTOB TecTOB onpe^ejunoTCJi 3 HaHemm 
CTeneHen npHHaAJiemocTH (3HaneHne 
(j)ymcijHH npHHa^jie}KHOCTH TepMa ajhi 
3aAaHHoro 3HaHemra yHHBepcyMa, T.e. 
pe3ym>TaTa eooTBeTCTByiomero TecTa) 
Aim Bcex TepMOB. 

2. Bbi6npaiOTC5i npaBHjia, co^ep- 
5Kamne ycjiOBHfl c HeHyjieBBiMH CTe- 
nemiMH npHHaAJie}KHOCTH (TepMBi, 
KOToptiM cooTBeTCTByiOT HeHyjieBbie 
3 HaneHna (JjyHKpnn npnHa^jie^cHO cth 

3 a^aHHbix KOHKpeTHbix pe 3 yjibTa- 
TOB TeCTOB). 

3. Ha nepBOM mare jiornnecKoro 
Bbmo^a onpeAejiaeTca CTeneHb npHHa#- 
jiokhocth Bcero aHTepe^eHTa Ka^oro 
npaBHjia (no (j)ymcpHH MHHHMyMa). 

4. Ha BTopoM mare (jDOpMHpOBamm 
HeneTKoro Bbmo/ja onpe^ejiaeTca CTe- 
neHb npHHa£jie)KHOCTH TepM bbixo^hoh 
nepeMeHHon (no (jtymcpHH MaKCHMyMa). 

5. J\m ^e$a33H(J)HKapHH npHMemieT- 

c a MeTOA pempoHjja, KOTOpbin no3BOJiaeT 

onpe^ejiHTb Texymee 3HaneHne bbixo/j- 


1 F Tj = S 2 AND T 2 = S 2 THEN L = 3 X • 3 2 • 3 2 • 3 3 = 3 l • 3 2 • 3 3 ; S = 0 • ecjm pe3yjibTan>i o6onx tcctob npHHa£jie>xHT 
HHTepBajiy S 2 , to Bbixo^Haa nepeMemiafl S = 0, hto eooTBeTCTByeT pemeHnio o tom, hto Bee KOHTpojinpyeMbie 3J\K He ocBoeHti. 

2. IF Tj = S 2 AND T 2 = S, THEN L = 3, ■ 3 2 • (3 2 • 3 3 + 3 2 • 3 3 ) = 3, • 3 2 • 3 3 ; S = 1 . 

3. IF Tj = S 2 ANDT 2 =S 0 THEN Z = 3 X • 3 2 • 3 2 • 3 3 = 0*. 

4. IF T 1 =S 1 AND T 2 =S 2 THEN L = (3j 3 2 +3 X 3 2 ) 3 2 3 3 =3 X 3 2 3 3 ; S = 4. 


5.IF T l =S 1 AND T 2 = S 1 THENL = (3 1 3 2 +3 X 3 2 ) (3 2 3 3 +3 2 3 3 ) = 

= • 3 2 • 3 3 + • 3 2 • 3 3 ; S = 2 OR 5 . 

6. IF Tj = S } AND T 2 = THEN L = (3 X • 3 2 + 3, • 3 2 ) • 3 2 • 0 3 = 3, • 3 2 • 0 3 ; S = 3. 
7. IF T x = AND T 2 = ^ 2 THEN L = 3, • 3 2 • 3 2 • 3 3 = 0*. 


3. IF Tj = S 0 AND T 2 = *Sj THEN L = 3, • 3 2 • (3 2 • 3 3 + 3 2 • 3 3 ) = 3 X • 3 2 • 3 3 ; S = 6. 


9. IF Tj =S 0 ANDT 2 =S 0 THEN Z = 3 X • 3 2 • 3 2 • 3 3 ) = 3 X • 3 2 • 3 3 ; ^ = 7. 

npHMenaHne. * - pe3yjibTaT He moukqt 6biTb nojiyneH; npaBnjio He Hcnojib3yeTca; 

** - pe3yjibTaT He MO)KeT 6 bitb onpe^eiEeH; npaBHjio 3anHCbiBaeTC5i b o6ohx BapnaHTax. 
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Ta6ji. 3. 


MaTpnua pemeHHH 




L 



s* 



T 2 

S, 

0 

4 



1 

2 or 5 

6 

5) 

- 

3 

7 


hoh nepeMeHHOH rjw TeKymnx 3HaueHHH 
BXO^HBIX JIHHTBHCTHHe CKHX nepeMCHHBIX. 

B pe3yjiBTaTe onpe^ejiaeTca hctkhh pe- 
3yjiBTaT, ^aiomHH HH(j)opMaijHK> 06 ypOB- 
He ocBoeHHa Ka^oro H3 KOHTpojiHpye- 
MBIX Been COBOKynHOCTBIO TeCTOB 3J\K. 
B [13, 14] npHBe^eH HJunocTpHpyiomHH 
npHMep, nOKa3BIBaiOmHH KOppCKTHOCTB 
npeAJio)KeHHoro ajiropHTMa. Taioice npo- 
Be^eHO Hccne^OBaHHe ajiropHTMa jje- 
niHcfipauHH b epe/je MatLab Fuzzy Logic , 
pe3yjiBTaTBi aHajiHrane ckhx pacneTOB h 
MO^ejiHpOBaHHa noKa3anH coBna^eHne c 

/JOCTaTOHHOH TOHHOCTBK). 

3aKjiK)HeHHe. IIpHMeHeHHe annapa- 
Ta HeneTKOH jiothkh no3BOJineT c^ejiaTB 
HeTKne bbibo^bi npH pemeHHH 3a^an 
AeniH(j)pamiH pe3yjiBTaTOB peajiH3aipiH 
coBOKynHOCTH TecTOB, npOBepjnomnx 
ypOBeHB ocBoemra Ha6opa ojicmchtob 
AHCljHnjiHHapHBix KOMneTeHi^HH. TaK5Ke 
B03M05KH0 CHH3HTB 3(j)(j)eKT B3aHMHOH 
KOMneHC au,HH HHTerpajiBHBix oijeHOK Ha 
jiio6om ypoBHe HepapxmiecKOH Mo^ejiH 
pe3yjiBTaTOB o6yneHHa (HHTerpanBHBiii 
noKa3aTejiB no^roTOBjiCHHOCTH - KOMne- 
TeHH,HH - AHCIJHnjIHHapHBie KOMneTeH- 
H,HH - KOMnOHeHTBI ^HCipfflJIHHapHOH 
KOMneTeHH,HH - 3JieMeHTBI KOMnOHeHTOB 

^HCipinjiHHapHOH KOMneTeHi^HH) [2, 3]. 

IlpeAJi05KeHHBie no^xoAbi 3(J)({)eKTHB- 
HO aJirOpHTMH3HpyiOTCa H MOryT 6bitb 
HCn0JIB30BaHBI B COCTaBe HH(j)OpMaipi- 
OHHoro h nporpaMMHoro oGecneneHHa 
aBTOMaTH3HpOBaHHOH CHCTCMBI COnpO- 
B05K^eHH^ yne6Horo npoijecca. 
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Based on experimental data the workflow dynamics in the dryer 
shaft was analysed. It was confirmed that it is a stochastic dynamic 
system. The curves of kinetics of the process were built. Authors have 
assessed the uneven drying in the lower horizontal section of the dryer. 
It was discovered that near the outlet chamber’s wall the grain was 
heated more due to uneven distribution of gas. The interplay between 
changes of grain humidity and temperature confirmed the correlation 
coefficients. Fluctuations in humidity and temperature of grain lead to 
low quality of drying. In order to improve the quality and intensity of 
drying authors have offered the enhanced gas distribution system and 
the improved workflow regulation system. 
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HCCJIEflOBAHHE IIIAXTHOH 
3EPHOCYniHJlKH B yCJIOBHflX 
HOPMAJIBHOH PAEOTBI 

AHApnaHOB H.M. 1 , u-p TexH. HayK, npoc}). 
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HoBropOACKHH rocynapcTBeHHBiii yHHBepCHTeT 
hm. R. Myaporo, Poccna 1 

YxaHBCKHH TeKCTHJIBHblH yHHBepCHTeT, KHTaH 2 


Ha ocHOBe OKcnepHMeHTajiBHtix uaHHBix BBinojmeH aHajiH3 uh- 
HaMHKH padonero npouecca b cymnjiKe. IIouTBepHcueHO, hto OHa cto- 
xacTHnecKaa anHaMnnecKaa cncTeMa. IIocTpoeHBi KpHBBie kuhcthkh 
npouecca. OueHeHa HepaBHOMepHO ctb cymKH b HH>KHeM ropiooH- 
TajitHOM ceneHHH cymnjiKH. OdHapynceHO, hto y ctchkh OTBO/unueii 
KaMepBi 3epHO HarpeBaeTca 6ojit>me, hto odBaemieTCfl HepaBHOMep- 
hbim pacnpeaejieHneM ra3a. Cbhbb npoueccoB HSMeHemia BJiancHOCTH 
n TeMnepaTypBi 3epHa noaTBep^caena K03(j)(j)HUHeHTaMH B3auMHon 
KoppejiHunn. Kojie6aHHH BjiamiocTH n TeMnepaTypBi 3epHa BeayT k 
HH 3KOMy KanecTBy cymKH. flaa noBBimemw KanecTBa h hhtchchbho- 
cth cymKH npeanoHceHa MOuepffiOHpOBaHHaa CHCTeMa pacnpeaejieHHH 
ra3a h yeoBepmeHCTBOBaHHaa CHCTeMa peryjinpOBaHHa padonero npo- 
uecca. 

KjnoHeBbie cjiOBa: 3epHOcymnjiKa maxraafl, peacHMBi cymKH, pe- 
ryjmpOBaHHe, HueHTHcjmKauna, onTHMH3auna. 

YnaCTHHK KOH(J)epeHUHH, 

HaunoHajibHoro nepBeHCTBa no HayHHoii aHajmTHKe, 

OrapbiToro EBponeiicKO-A3HaTCKoro nepBeHCTBa no HayHHoii aHajiHTHKe 


http://dx.doi.org/! 0.18007/gisap:tsca.v0il0. 1505 


C TOxacTHuecKoe H 3 MeHeHHe xapax- 
TepHCTHK nOTOKa 3 epHOBOTO bo- 
poxa, noeiynaioiuero b cymujiKy [1,2] 
B 036 y}KaaeT KOJiedaHHu nepeMeHHBix 


cocTOUHHa ee padouero npouecca, hto 
HeH36e)KHO CKa3BiBaeTca Ha KauecTBe 
ero BBinouHeHHa. HccjieuoBaHHa nou- 
TBep)KuaiOT, hto BBinouHHTB cyuiKy B 


COOTBeTCTBHH C arpOTeXHHHeCKHMH Tpe- 
dOBaHHaMH [3-7] CJI 05 KH 0 . 3t0 BBI 3 BaHO 
He TOJIBKO KOJiedaHHUMH XapaKTepHCTHK 
noTOKa Bopoxa, ho h TexHHue ckhmh 


Ta6ji. 1. 


CTaTHCTHnecKHe xapaKTepncTHKH nepeMeHHbix Ha bxo ue h Bbixoue cymnjiKH 


H 

3 

B 

O 

Bhu 3epHa 

Pa3BOUKa 

BBirpy3Horo 

annapaTa, 

rpau- 

3 OHa 

KOHTpOJia B 

cyniHjiKe 

IlepeMeHHau 

TeMnepaTypa 

TenjiOHOCHTejiu 

Bjia)KHOCTB 3epHa 

TeMnepaTypa 

3epHa 

m sv °C 

a °C 2 
o JT , g 

m ]r ,% 

<V (%) 2 

m sv ° C 

<V°c 2 

1 

OBee 

16,5 

Ha Bxoue 

64,6 

0,8 

33,6 

1,7 

14,7 

2,5 

Ha BBixoue 

29,9 

1,5 

25,5 

1,2 

28,0 

1,0 

2 

OBee 

16,5 

Ha Bxoue 

67,6 

0,6 

31,3 

1,6 

18,1 

2,5 

Ha BBixoue 

33,9 

1,7 

22,7 

1,2 

30,0 

1,1 

3 

UHMeHB 

22,0 

Ha Bxoue 

62,1 

0,52 

31,1 

2,6 

10,4 

1,0 

Ha BBixoue 

31,8 

3.1 

28,8 

1,8 

26,7 

1,7 

4 

tfHMeHB 

15,0 

Ha Bxoue 

69,2 

0,8 

28,4 

2,0 

9,9 

0,4 

Ha BBixoue 

25,8 

2,8 

24,1 

1,7 

25,7 

1,8 

5 

UHMeHB 

15,0 

Ha Bxoue 

70,3 

0,6 

19,8 

2,4 

11,5 

1,0 

Ha BBixoue 

21 A 

2,9 

14,5 

1,6 

31,8 

3,6 

6 

aHMeHB 

21,2 

Ha Bxoue 

71,8 

1,0 

30,5 

2,6 

13,1 

0,8 

Ha BBixoue 

29,0 

1,5 

21,7 

1,6 

27,6 

1,8 

7 

aHMeHB 

17,0 

Ha Bxoue 

68,4 

1,0 

28,3 

1,5 

12,8 

0,8 

Ha BBixoue 

30,1 

1,7 

21,0 

0,9 

25,1 

2,7 

8 

UHMeHB 

19,8 

Ha Bxoue 

83,5 

0,75 

19,8 

2,4 

10,9 

1,6 

Ha BBixoue 

36,8 

2,5 

14,5 

1,6 

26,4 

2,3 

9 

UHMeHB 

22,0 

Ha Bxoue 

57,4 

0,7 

16,4 

1,06 

12,2 

0,7 

Ha BBixoue 

29,9 

3,0 

14,3 

0,87 

24,0 

0,8 

10 

nmeHHua 

30,0 

Ha Bxoue 

97,4 

0,72 

22,3 

1,9 

16,9 

1,6 

Ha BBixoue 

47,5 

2,1 

14,3 

1,2 

37,3 

1,7 

11 

nmeHHua 

25,0 

Ha Bxoue 

92,4 

0,9 

23,8 

2,8 

20,5 

1,2 

Ha BBixoue 

40,4 

2,7 

16,9 

2,3 

41,8 

3,4 

12 

nmeHHua 

22,0 

Ha Bxoue 

90,5 

0,8 

23,3 

2,4 

18,6 

1,1 

Ha BBixoue 

40,3 

2j6 

18,6 

2jQ 

36,5 

3,1 


3,1 

- 13 
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CTaTHCTHnecKHe xapaKTepncTHKH nepeMeHHbix no BbicoTe cymnjiKn 


K0p060B 

nepeMeHHan 

Bjia)KHOCTb 3epHa 

TeMnepaTypa 3epHa 

TeMnepaTypa 

TenjiOHOCHTejin b 

no/jBO/jumeM KOpo6e 

TeMnepaTypa 

TenjiOHO CHTejia b 

OTBO^nmeM Kopo6e 


(%) 2 

m j3’ ° C 

°J3’ ° C2 

m m’ ° C 

G °C 2 

.IT ^ 

m sv »C 

°JT°C 2 

^HMeHb «nnppKa». Pa3BO^Ka Bbirpy3Horo annapaTa 1 5° 

2 

19,0 

2,4 

11,5 

1,0 

66,9 

0,6 

16,4 

1,2 

4 

18,8 

2,4 

18,0 

1,7 

- 

- 

- 

- 

6 

18,1 

2,1 

22,6 

2,1 

69,1 

0,5 

26,1 

1,9 

8 

17,1 

2,3 

24,6 

2,3 

69,1 

0,5 

29,4 

2,2 

9 

16,6 

2,2 

26,6 

2,7 

- 

- 

- 

- 

10 

16,1 

2,0 

28,0 

2,6 

- 

- 

- 

- 

11 

15,9 

1,9 

29,2 

2,6 

69,4 

0,6 

34,4 

2,4 

12 

15,6 

2,0 

30,1 

2,8 

- 

- 

- 

- 

13 

15,5 

1,8 

30,9 

2,7 

- 

- 

- 

- 

14 

15,1 

1,8 

31,8 

2,9 

69,6 

0,6 

36,9 

2,8 

15 

14,8 

1,7 

33,0 

3,0 

- 

- 

- 

- 

16 

14,5 

1,6 

31,8 

3,6 

70,3 

0,6 

32,4 

2,9 


OCOGeHHOCTHMH CyiHHJIOK, HX CHCTeM 

ynpaBjieHH^ h ^eiiCTBHiiMH onepaTOpa. 

OijeHxa H3MeHHHBOCTH nepeMeHHbix 
coctouhhh pa6onero npoijecca cyninjiKH 
B yCJIOBHflX npOH3BO^CTBa n03B0JI^eT 
nOJiyHHTb ^OCTOBepHyK) HH(j)OpMaiJHIO o 
KanecTBe ero BbinouHeHna, hto cjiomo 
c^ejiaTB, npHMeH^a fleTepMHHHpoBaH- 
HBie MeTO^Bi. Hccjie^OBaHHe CTpyKTypBi 
h B3anMHOH CB33H npoijeccoB n03B0JI5I- 
eT OU,eHHTB ^HHaMHHeCKHe CBOHCTBa cy- 
hihjikh Kax o6BeKTa ynpaBjieHHa h bbi- 

HBHTb B03M05KH0CTH HX OnTHMH3aiI,HH. 

B HacTOjmjeii pa6oTe npeACTaBjieH 
aHajiH3 3KcnepHMeHTajiBHBix aaHHBix, 
nojiyneHHBix b pe3yjiBTaTe HCCJie^OBa- 
hhh maxTHOH cyninjiKH C3LQ-16A b yc- 
JIOBHUX npOH3BOACTBa, C HCn0JIB30BaHH- 
eM MeTO^OB CTaTHCTHHeCKOH flHHaMHKH. 

Kax o6bckt ynpaBjieHHa, cyniHjiKa 
cji05KHaa ^HHaMHHe CKafl CHCTeMa [3-7], 
Bxo^HBie h BBixo^HBie nepeMeHHBie, ko- 
TopOH B3aHMOCBa3aHBi. CocTOflHHe npo- 
ijecca onpe^ejiaeTca TeMneparypon J 3 (7) 
h Bjia5KHOCTBio W(t ) 3epHa, hx Hanajib- 
HBie 3HaneHHa J 30 (7) h W Q (t) onpe/jejiniOT 
ycjiOBHa cyniKH, a TeMnepaTypa Tenjio- 
HOCHTejia J t (7) h 3Kcno3HH,H^ c o(t) - pe- 

5KHM o6pa60TKH. 

CTaTHCTHnecKHe xapaxTepHCTH- 
kh nepeMeHHbix coctouhhh npoijec- 
ca cyniKH (Ta6ji. 1 h 2) no^TBep^a- 
k)t, hto BxoAHBie nepeMeHHBie J 30 (7) h 
W Q (t) b TeneHne BpeMeHH H3MeH5noTCn 
CTOxacTHnecKH b HiHpoKHx npe^ejiax, 
hto B036y)K^aeT KOJie6aHH5i bbixo^hbix 
nepeMeHHbix J 3 (7) h W(t ) b HHTepBane, 
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npeBBimaiomeM arpoTexHHne ckhh ro- 
nycK [15]. 

npH H3MeHeHHH TeMnepaTypbi 
TenjiOHOCHTejia J T (/) b ^nana30He 

57.4. . .97,4°C b cyniHjiKe y^aBanocb chh- 
3htb Bjia^cHOCTB 3epHa Ha 2,1... 8, 8%, 
npn 3 tom ero HarpeB ocTaBajicn HH5xe 
^onycTHMoro, hto CBH^eTejiBCTByeT 
O HH3KOH HHTeHCHBHO CTH pe)KHMOB. 

Cpe^Hne pacxo^Bi TenjioHOCHTejni b 
onbiTax noAAep^KHBajiHCB b ^nana30He 

9.9.. . 11,8 m 3 /c npn cpe^HeKBa/jpaTHHe- 

CKHX OTKJIOHCHHUX G = 0,6... 2, 7 (m 3 /c) 2 . 
Bjiaroco^ep)KaHHe TenjioHOCHTejia Ha 
Bbixo^e H3 KaMepbi cyniKH H3MeHa- 
jiocb b flnana30He 36,0... 82, 3% npn 
a = 4,6...12,5(%) 2 . 

Ha pnc. 1 npe^CTaBjieHO H3MeHeHne 
TeMnepaTypbi h Bjia^cHOCTH 3epHa no 
BbicoTe KaMepbi cyniKH. B ee BepxHen 
nacTH xapaKTepHO HHTeHCHBHoe yBe- 
jinneHne TeMnepaTypbi 3epHa, KOTOpoe 
npo^oiDKaeTca npH6jiH3HTejibHO ^o 6-ro 
pa^a KopoOoB. B cpe^Hen nacra pocT 
TeMnepaTypbi 3aMe£jineTcn, ho B03pac- 
TaeT CKopocTB BjiaroyaajieHHfl. HannHaa 
npH6jiH3HTejibHO c 12-ro pn/ja kopo6ob, 
TeMnepaTypa 3epHa bhobb noBbimaeTCn 
HHTeHCHBHee. Ha ypOBHe nocne^Hero 
pxjia TeMnepaTypa 3epHa CTa6njiH3Hpy- 
eTC H, HJIH ^a5Ke CHH5KaeTC5I, hto o6bnc- 
HueTca no^cocoM aTMoe(J)epHoro B03^y- 
xa nepe3 Bbirpy3Hon annapaT. 

3to no#TBep}K£aeTCfl H3MeHeHneM 
TeMnepaTypbi TenjiOHOCHTejni b otbo- 
^qnx KOpo6ax (pnc. 2). ^jih 6ojibhihh- 
CTBa onbiTOB xapaKTepHO noBbimeHne 



Pnc. 1. H3MeHeHHe BjiarocoaepacaHnn 
(a) n TeMnepaTypbi (6) 3epHa no 
BbicoTe KaMepbi cyniKH 



2 4 e 8 10 12 14 IQ 

PQQKOpOOO* 


Pnc. 2. H3MeHeHne TeMnepaTypbi 
TenjiOHOCHTejin no BbicoTe KaMepbi 
cyniKH 

TeMnepaTypbi OTpa6oTaHHoro TennoHO- 
CHTejia no Mepe cyniKH 3epHa, h yMeHb- 
rneHne ero TeMnepaTypbi Ha 2,0. . . 10,9°C 
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o 4 

0,15 Ll.S OE15 

JVM4K0p0Qa,M 

Phc. 3. H3MeHeHHe TeMnepaTypbi 
3epHa e^ojib Kopo6oe 14 pa^a 


k flHcnepCHH KOJie6aHHH BjiamiocTH 
Ha ee Bxo^e yKjia^BmaeTca b ^Hana30H 
0,61. ..0,85. 

Pa36poc cpe^HHx TeMnepaiyp Te- 
njiOHOCHTejia b ropH30HTajibHOM ee- 
neHHH KaMepbi cyniKH aocraraeT 
1,0...8,9°C, pa36poc Bjia^cHOCTeii 3ep- 
Ha cocTaBjiaeT 1,4... 12, 9%, a pa36poc 
TeMnepaiyp 3epHa - 5,4...25,2°C rjw 
14-ro p 5 ma. 3 to npeBbimaeT 3a^aBaeMyio 
arpOTeXHHHeCKHMH Tpe60BaHH5IMH [15] 
HepaBHOMepHOCTt BtmojiHeHHa cyniKH. 


BaHHBIX KOppeJiai^HOHHBIX (jiyHKIJHH H 
(j)yHKH,HH CneKTpaJIBHOH njIOTHOCTH 
(Ta 6 ji. 3 h 4). AHajiH3 crna>KeHHBix 
OI^eHOK HOpMHpOBaHHBIX KOppeJiai^H- 
OHHBIX (j)yHKH,HH n03B0JUieT e^ejiaTB 
BBIBO£ 06 HX 3 prO£HHeCKHX CBOHCTBaX. 

riepno^ KOJie 6 aHHH ey me ctbchhbix na- 
CTOT OKa3aJiea COnOCTaBHM C 3KCn03H- 
imeii cyniKH. 

HHTepBajiBi KoppejBiijHH p n rpa- 
HHHHBie nacTOTBi / npoijecca H3MeHe- 
HHJI BJia5KHOCTH 3epHa W(t ) nO BBICOTe 
KaMepBi cyniKH (Ta6ji. 4) npaKTnnecKH 
He H3MeHaioTca. 3 to noATBep)K^aeT, hto 
cyniHjiKa KaK ^HHaMHnecKoe 3 bcho He 
MemieT CTpyKiypy (nacTOTHBin eocTaB) 
npoijecca W(t). CTaOnjiBHBiM no bbicotc 
KaMepbi eoxpaHaeTca TaK5Ke nacTOTHBm 
eocTaB npcmeeea H3MeHeHHJi TeMnepa- 
TypBi TenjiOHOCHTejia J T (/). 

MeHaiOTca no bbicotc KaMepbi noo- 
3aTejin npcmeeea H3MeHeHHa TeMnepa- 

Ta6ji. 4. 


Ta6ji. 3. 


^HHaMHnecKHe xapaKTepwcTHKH npopeccoB Ha Bxope h Bbixope cyuinjiKH 


npoi^eee 

P, MHH 

fc- 

l -io- 3 

K(0 

15. ..60 

6,0.. 

.13,0 

JJO 

OO 

On 

^1 

5,5.. 

.15,0 

W(t) 

27. ..63 

6,3.. 

.13,8 

m 

15. ..46 

7,0.. 

.13,5 


^HHaMHHecKHe xapaKTepncTHKH npopeccoB no BbicoTe cyumjiKH 


Pa« 

K0p060B 

npoijeccBi 

m 

J 3 (0 

J T (0 

Pw, MHH 

/w,c-'-10- 3 

P J3 , MHH 


p JT , MHH 

fn> c- 1 - 10 - 3 

2 

27,0... 43,0 

9,0.. .10,5 

12,0. ..30,0 

6,0... 16,5 

12,0.. .51,0 

7,0.. .22, 5 

6 

23,0... 43,0 

9,0.. .10,5 

12,0. ..36,0 

7,5. ..16,5 

12,0.. .33,0 

6,0.. .16,5 

8 

25,0. ..33,0 

7,5. ..10,5 

12,0. ..36,0 

7,5. ..16,5 

15,0. ..39,0 

6,0... 16,5 

11 

20,0... 25,0 

7,5. ..9,0 

12,0. ..35,0 

10,5. ..18,5 

15,0. ..35,0 

7,5. ..18,0 

14 

25,0. ..30,0 

6,0... 7, 5 

13,5. ..39,0 

7,5. ..24,0 

10,0.. .35,0 

6,0... 16,5 

15 

20,0... 40,0 

6,0... 10,5 

15,0... 40,0 

7,5. ..12,0 

12,0... 42,0 

6,0.. .18,0 



Phc. 4. HopMnpoBaHHbie B3anMHbie 
KoppejinuHOHHbie ^yHKUHH npopec- 
cob J 30 (0 - J 3 (/) Ha ypoBHe BToporo h 
neTBepToro papa KopoSoB 

CTByeT o ee choco6hocth crnamiBaTB 
hx aMnjimypy, a TeMnepaTypbi 3epHa h 
T ennoHOCHTena, Hao6opOT, noBBimaiOT- 
e a. OTHomeHHe ^ncnepCHH KOJie6aHHH 
Bjia)KHOCTH 3epHa Ha BBixope KaMepbi 


KaKOH-JIH6o yCTOHHHBOH 3aKOHO- 
MepHOCTH b pacnpe^ejieHHH nojien TeM- 
nepaiypBi h Bjia^cHOCTH 3epHa no hih- 
pHHe KaMepbi He o6Hapy)KeHO. OpHaKO 
o6Hapy)KeHa 3aKOHOMepHOCTB H3MeHe- 
hh a TeMnepaTypBi 3epHa bpojib kopo6ob. 
Bo Bcex onBiTax (pne. 3) HaOmopajiHCB 
6ojiee BBicoKne TeMnepaTypBi 3epHa 
b6jih3h OTBopamero pH(jxj)y30pa. 3 to 
aBjiaeTca ejie^CTBHeM HepaBHOMepHoro 
pacnpepejieHHJi TennoHOCHTejia bpojib 
kopo6ob [8-9]. B KOHije KopoOoB y ctch- 
kh £H(ji(j)y30pa nopana TenjiOHOCHTejia 
OojiBine, neM b hx cpepHeil nacTH, hto 
onpepejnieT 6 ojibhihh nopBop TenjiOBOH 
3HeprHH k 3epHy. H3MeHeHne TeMnepa- 
TypBi 3epHa bpojib KOpo6a pocTnraeT 
4,9...25,2°C. 3(})(})eKTHBHoro nepe- 
pacnpepejiemni noTOKOB ra3a bpojib ko- 
Po6ob MoryT 6 bitb HcnojiB30BaHBi Mepo- 
npHHTHa, npeflJio)KeHHBie b [ 8-11]. 

no peajiH3ai^HaM ejiynaiiHBix npO- 
peCCOB BBIHHCJieHBI OpeHKH HOpMHpO- 


TypBi 3epHa J 3 (/). no Mepe ero HarpeBa h 
o6e3B05KHBaHHa HHTepBajiBi KOppejnmHH 
h rpaHHHHBie nacTOTBi nocTeneHHO npn- 
6jiH5KaiOTC5i k aHajiorHHHBiM noKa3are- 
jihm npopeeea W(t). 3to nopTBep)KpaeT 

CBA3B MOKpy HHMH. 

B3aHMHBie KOppeJI^I^HOHHBie $yHK- 
h,hh npopeccoB no KaHajiaM npeo6pa- 

30BaHH5I B03Mymai0mHX B03peHCTBHH 
nopTBep5KpaiOT eymecTBOBaHHe Me)Kpy 
HHMH TeCHOH KOppeJUipHOHHOH CBJI3H, 
cpbht MaKCHMyMa KOTOpoii, npaKTHne- 
CKH paBeH 3KCn03HII,HH. K03(J)({)Hi;HeHTBI 
B3aHMHoii Koppejunpoi npoi^eccoB W 0 (t) 

- J 3 (t) H J 3 (^) - J 3 (/) B 3aBHCHMOCTH OT pe- 
5KHMa cyniKH nepeMCHHBI H npHHHMaiOT 
KaK nojio)KHTejiBHBie, TaK h OTpm^aTejiB- 
HBie 3HaneHH5i (Ta6ji. 5). npn hh3khx 
BJia5KHOCT^X 3epHa ( W<20 % ) K03(])(])H- 
i^neHTBi OTpni^aTejiBHBi, a npH BBICOKHX 

- nOJIO)KHTeJIBHBI. 

HaH6ojiBHiHe 3HaneHH« ko 3$- 
(^HH,HeHTa Koppejiai^HH npoi^eeeoB 
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Ta6ji. 5. 

Ko3(j)(j)imiieHTi>i B3anMHoii Koppejmium npoueccoe 


npoijeccBi 

3HaneHH5i 


-0,48... 0,32 

wa tyjm 

0,37. ..0,61 

m-ut) 

-0,77... 0,39 


W(t ) - J 3 (7) COOTBeTCTByiOT 3epHOBOMy 
CJIOK) C HH3KOH BJia5KHOCTBIO (W< 16%), 
HTO nO£TBep)K£aeT B03M05KH0 CTB koc- 
BeHHOH oilmen ero Bjia5KHOCTH no 
TeMnepaType HarpeBa. 3 to mojkho hc- 
n0JIB30BaTb B CHCTeMaX RJ 151 npHHJITHfl 
onepaTHBHoro pememni 06 OKOHnaHnn 
cyniKH. 

IIOJIOiKHTeJIBHaa KoppejnmnoHHaji 
CB5I3B npoiieccoB J 30 (/) - J 3 (^) o6Hapy- 
}KeHa b BepxHeH uacra KaMepBi cyniKH. 
O^HaKO no Mepe yAaneHmi 30 hbi cyniKH 
ot Hanajia KaMepBi K03(j)(})HAHeHT B3anM- 
hoh Koppejnmnn npoijeccoB hotchchb- 
ho y6BmaeT (pnc. 4), CABnr MaxcnMyMa 

CB5I3H o6yCJIOBJieH TpaHCnOpTHBIM 3a- 
na3^i>iBaHHeM. B 30Hax, pacnoji05KeH- 
hbix hh)k e mecToro pji/ja kopo 6 ob ( 1/3 
naCTB BBICOTBI KaMepBl), KOppeJI^I^HOH- 
HOH CB5I3H npOI^eCCOB J 30 (0 - J 3 (/) He 06- 
Hapy)KeHO, ho o6Hapy5KeHa TecHaa cb;i 3 b 
npoijeccoB W Q {t) - J 3 {t), neM noATBep>K- 

A aeTCa, HTO OCHOBHBIM B03MymeHHCM 
cyniKH flBJMIOTCa KOJie6aHH5I W Q (t). 

npHHHMaa rnnoTe3y o HOpMajiB- 
hom 3aKOHe pacnpe^ejieHH^ cjiynanHon 
(|)yHKH,HH W(t) Ha BBIXO^e CyiHHJIKH, 
onpe^ejieHa BepoirraocTB ee npe6Braa- 
HH^ B 3a^aHHOM [15] arpOTeXHHHeCKOM 

CHMMeTpHHHOM Aonycxe (A w = ±1,5%), 
KOTOpaa npH <5 W = 0,9... 2, 3 (%) 2 cocTaB- 
jiaeT P A = 0,48... 0,90. 3 to noATBep)KAa- 
eT HH3Koe KanecTBO cyniKH, h odycjiOB- 
JIHBaiOT Heo6xOAHMOCTB yMCHBIHCHH^ 
flHcnepCHH KOJie6aHHH BjiamiocTH 3ep- 
Ha. 3(j)(J)eKTHBHoe pemeHne 3 toh 3aAann 
M05KCT 6BITB AOCTHrHyTO npHMeHeHHeM 
CHCTeMBi ynpaBjieHHa, npe^jiO}KeHHOH b 
[ 12-14]. 

3aKjnoneHHe 

nojiyneHHaii HH^opMaijHii xapaKTe- 
pH3yeT cyniHjiKy Kax CTOxacTnnecKyio, 
pacnpe^ejieHHyio, MHorocB5i3Hyio ah- 
HaMHnecKyio CHCTeMy, odjiaAatoinyto 
TpaHcnopTHBiM 3ana3^BiBaHHeM h He- 
jiHHeiiHBiMH (a no p^Ay KaHajiOB 3 kc- 

TpeMaJIBHBIMH) CB5I35IMH MC5KAy OC- 
hobhbimh nepeMeHHBiMH cocToaHH^ ee 
pa6onero npoijecca. KojieOamni HanajiB- 

HOH BJia5KHOCTH 3epHa BBI3BIBaiOT 3HaHH- 
TejiBHBie KOJie6aHH^ ero TeMnepaTypBi h 
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BJia)KHOCTH B CyiHHJIKe, nepHOA KOTOpBIX 
conocTaBHM c 3Kcno3HH,neH cyniKH. Cy- 
HiHjiKa cnocoOHa yMeHBinaTB Anenep- 
chk) KOJie6aHHH BjiamiocTH 3epHa, tcm 
He MeHee, HepaBHOMepHOCTB HarpeBa h 
cyniKH 3epHa bo BpeMeHH h npocTpaH- 
CTBe ee padonen KaMepBi npeBBimaeT 
arpOTexHHnecKHe AonycKH, hto noA- 
TBep)KAaiOT HH3Koe KanecTBO BBinojiHe- 
HH5i padonero npoijecca. YcTaHOBjieHO, 
hto y CTeHKH OTBOA^meH KaMepBi 3epHO 
HarpeBaeTca dojiBine, neM b n,eHTpajiB- 
hoh nacTH pacnpeAejiHTejiBHBix xopo- 
6 oB, HTO o6B5ICHaeTC5I HepaBHOMepHBIM 
pacnpeAejieHHeM ra3a baojib hhx. 
nOBBIHieHHJI KaneCTBa H HHTeHCHBHOCTH 
cyniKH npeAJi05KeHBi ycoBepmeHCTBO- 
BaHHBie CHCTeMBi paenpeAejieHH^ ra3a h 
ynpaBjieHH^ padonnM npoijeccoM. 
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HCn0JIb30BAHHE JIErKOnJIABKHX 
/fOEABOK B CBJBYIOIHEE flJDI 
YJiyHLUEHHil nPOHHO CTHEIX 
CBOHCTB K0Mn03HT0B HA 
HETKAHOH OCHOBE 

TpemajiHH M.K). 1 , A-p TexH. Hayx, npo^eccop 
TpemanHH IO.M. 2 , KaHA- TexH. Hayx, mmeHep 
Mockobckhh rocyaapcTBeHHBiH yHHBepCHTeT 
HM. M.B. JlOMOHOCOBa, Pocchu 1 
Mockobckhh rocynapcTBeHHtiH TexHOJiorHuecKHH 
yHHBepCHTeT «CTAHKHH», Pocchr 2 

B CTaTte paccMaTpHBaeTCH bo3mo)khoctb yayumeHua B3aHMoaefi- 
CTBH3 BOJIOKHHCTOrO COCTaBa HeTKaHOH OCHOBEI H n0JIHMepH30BaHH0- 
ro CBaayioutero b npouecce H3roTOBjieHHH KOMno3nnnoHHbix MaTepn- 
aaoB 3a cuct BBeaeHua b cocTaB CBHayiomero jierKonjiaBKux BemecTB. 

KjiioHeBbie cjioea: KOMno3HT, HeTKaHaa ocHOBa, jierKonjiaBKue 
BenjecTBa, AodaBKH, CBa3yiomee, BOJiOKHa. 

YnaCTHHK KOH(J)epeHLIHH, 

HaunoHajibHoro nepBeHCTBa no HaynHoii aHajmTHKe, 

OTKpbiToro EBponeiicKO-A3HaTCKoro nepBeHCTBa no HayuHon aHajiHTHKe 


http://dx.doi.org/10.18007/gisap:tsca.v0il0.1506 


n pH H3TOTOBJieHHH K0Mn03HIfH0H- 
hbix MaTepnanoB 3KcnepHMeHTajiB- 
hbim nyreM 6 bijio ycTaHOBneHO, hto b 
npoifecce nonHMepH3 aifHH nponexoAHT 
noBBimeHHe TeMnepaTypBi CBH3yiomero, 
AOCTHraiomeH 80-120 °C b 3aBHCHMOCTH 

OT TOJIHtHHBI HeTKaHOH OCHOBBI. 

YHHTBIBaa, HTO BBIAeJHHOmaUCII 
3HepTH5I HBJIfleTCH CJie^CTBHeM XHMH- 
uecKOH peaKifHH, npOHCxoAflmeii npH 
B3aHMOAeHCTBHH KOMnOHeHTOB CBH3y- 
lontero, h He TpedyeT AonojiHHTejiB- 
HBIX 3aTpaT Ha H3TOTOBJieHHe K0MH03H- 
Ta, npeACTaBjineTcn ifejieeoodpa3HBiM 
HcnonB30BaTB 3Ty 3Heprnio eneKa- 
hm hjih pacnnaBa BemecTB, HMeiomHx 
TeMnepaTypy njiaBjieHHn hjih pa3Mnr- 
ueHHH nopn^Ka 100°C, AonojiHHTejiBHO 

BBe^eHHBIX Ha CTa^HH npHTOTOBJieHHfl 
CBH3yiomero c ijejiBio ycHjieHHn aA- 
re3HH h, KaK ejie^CTBHe, yBejiHuemin 
npOHHO CTHBIX XapaKTepHCTHK KOMnO- 
3 hh,hohhoto MaTepHajia. IIpeAnojia- 
raeMaa AonojiHHTejiBHan npOHHOCTB 
/fOJDKHa B03HHKHyTB BCJie^CTBHe (])a30- 
boto nepexo/ja hjih cneKaHHn nacTHif 
^OnOJIHHTeJIBHBIX BemecTB. 

TaKHM o6pa30M, itejiB HccjieAOBaHHn 


3aKjnoHaeTcn b KanecTBemioM h kojihhc- 
CTBeHHOM H3MeHeHHH COCTaBa KOMnO- 
HeHTOB CBH3yiomero 3a eueT BBeAemra 
b ero cocTaB jierKonjiaBKHx BemecTB 
AJIA nOBBIHieHHH npOHHO CTHBIX CBOHCTB 
K0Mn03HI],H0HHBIX MaTepHaJIOB Ha OCHO- 
Be HeTKaHBIX CHHTeTHHe CKHX nOJIOTeH. 

Bbi6op AodaBOK b CBH3yiomee npo- 

H3BO^HJIC^ HCXOJta H3 CJiejtyiOHIHX yCJIO- 

bhh: 

- npHMemnoTcn BentecTBa, He hc- 
nojiB3yeMBie no CBoeMy npuMOMy Ha3Ha- 
ueHHio AJia JtocTHJKeHHR ynpoumnomero 
3(|)(J)eKTa; 

- uacTHifBi BentecTBa aojdkhbi hmctb 
MHHHM aJIBHBie pa3MepBI H HaXOAHTBCH 
b TBep^OM arperaTHOM coctohhhh npH 
HOpMaJIBHBIX (j)H3HHeCKHX yCJIOBHUX; 

- HMeTB TeMnepaTypy pa3MarueHHa 
(njiaBjieHH^) b HHTepBajie 50-120 °C. 

B KanecTBe TaKnx BemecTB 6 bijih 
BB idpaHBi: TOHep nepHoro h CHHero 
itBeTOB, npHMemieMBiH b jia3epHBix 
npHHTepax, ajHOMHHHeBan nyApa h 
nepHan nopHCTan pe3HHa b bhac na- 
CTHif, nojiyneHHBix npH ee odpadoTKe 
Ha^auHOH dyMaroii. Pa3MepBi nacTHif 
AaHBi b Tadji. 1 . 


ToHep npe^CTaBjiaeT codon Kpacn- 
Htnii nopomoK, odjiaflaiontHH ocoObi- 

MH CBOHCTBaMH H npHMeHUeMBIH A-^ 
C03£aHHH H30dpa5KeHHH B HeKOTOpBIX 
cnocodax ipujipoBOH h jia3epHOH ne- 
naTH. Oh coctoht H3 MHKpocKonHne- 
CKHX TpaHyjI, KOTOpBie HMeiOT KJ\ po, 
nojiHMepHyio odojiouKy h pa3JiHHHBix 
AodaBKH. Cpe^HHH pa3Mep rpaHyji co- 
CTaBJI^eT OT 5 AO 30 MHKpOH [1]. ^ApO 
H3roTaBjiHBaeTCn H3 napatjiHHa, koto- 
pBiii npn HarpeBaHHH njiaBHTCu. riojiH- 
MepHan odojiouKa CBH3BiBaeT b eAHHoe 
Aejioe HacTHifBi TOHepa. B HacTomitee 
BpeMa npn npOH3BOACTBe TOHepa hc- 
nojiB3yiOT nojiH3CTep h CTHpeH-aKpH- 
jiOBBie nojiHMepBi. B cocTaB TOHepa 
BRjiionaiOTCii: HacTHifBi okhch 5Kejie3a 
(MarHeTHAa), KOTOpBie odecneuHBaiOT 
ero MarHHTHBie CBOHCTBa; MOAH^HKa- 
TOpBi (nojiHnponHjieH, nojinoTHjieH, 
bock hjih Apyrne AodaBKn), cnocod- 
CTByioiAHe noAAOp^KaHHio Heodxo- 
Ahmoh TeMnepaTypBi pa3M^rneHHa 
TOHepa. 

AjHOMHHHeBan nyApa (BBinycKa- 
eTca AByx MapOK: nAII-1 h nAII-2) 
- nopomoK cjiohctoh CTpyKTy- 
pBi [2]. HacBinHan hjiothoctb ny- 
Apbi paBHueTca npndjiH3HTejiBHO 
0.15-0.30 t/cm 3 , eoAep)KaHHe aKTHB- 
Horo ajHOMHHHn cocTaBjineT 85-93%. 
JlenecTKH (nemyiiKH) nacTHif b nyApax 
aJHOMHHH^ HMeiOT CpeAHIOIO TOJIHfHHy 

0,25-0,50 mkm, a epeAHHH pa3Mep 
3 thx nemyeK cocTaBjineT npndjiH3H- 


Tadji. 1. 

Pa3Mepw nacTHu npmvieHHeMbix AodaeoK b CBH3yiomee. 


BemecTBO 

Pa3Mep nacTHif, mkm 

ToHep (chhhh) 

5-30 

ToHep (nepHBm) 

5-30 

AjHOMHHHeBan nyApa 

20-30 

HepHaa nopHCTan pe3HHa 

20-50 
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TeJIBHO 20-30 MKM. B ajUOMHHHeBOH 
nyape npHcyTCTByio npiiMecu, Mac- 
COBbie AOJ1H KOTOpbIX COCTaBJIH- 

iot: }Kejie3a ao 0,22-0,5, xpeMHHii ao 
0,16-0,4, Me^n ao 0,02-0,05, Mapramja 
AO 0,007-0,01 [2]. Ocmotp nyApbi npn 
noMomH MHKpocKona no3BOJi5ieT Ha- 
6jiiOAaTb HajiHHHe komkob, coctojhahx 
H3 CBapeHHbix Me^cAy co 6 oh nacTHA, 
o6pa3yioiAHxca b npoAecce pa3MOJia. 

IIopHCTafl pe3HHa (neH0pe3HHa, 

Marxaa pe3HHa, ryOnaTaa pe3HHa, no- 
pHCTaa TexnjiacTHHa, aneHCTaa pe3HHa) 
npeACTaBjiaeT co 6 oh 3JiacTHHHBiH Ma- 

Ta6ji. 3. 


Il0JlHMepH30BaHH0e CBH3yK)ipee C BKJUOHeHHHMH MHKponaCTHU pe3HHbI. 


06pa3eA 

Macca, r 

fl,JIHHa, MM 

IllHpHHa, MM 

TOJHAHHa, MM 

06beM, m 3 

IIjiothoctb, xt/m 3 

Pe3HHa 

0,4915 

14,9 

12,2 

3,9 

0,0000000909 

5407,636 


TaDJi. 2. 




PhC. 1. Il0JlHMepH30BaHH0e CBH3yK)ipee C BKJHOHeHHHMH MHKponaCTHU pe3HHbI 


Ta6ji. 4. 


KoMno3HpHOHHbiii MaTepiiaji c BKjnoneHHHMH MHKpoHacTHu TOHepa. 



Tepnaji, KOTOpbiii noApa3AejiaeTca Ha 
HeCKOJIBKO THnOB, B 3aBHCHMOCTH OT OC- 

hobbi (xaynyxn EPDM, SBR, NBR, CR 
- nojiHXjioponpeH) h nop [3]. 

npOH3BOACTBO nOpHCTOH pe 3 HHBI 
3 aKjnonaeTca b njiacTHKau,HH xaynyxa h 
AoOaBjieHHH b Hero Bcex HHrpeAneHTOB 
bxoa^iahx b peAenT. TeMneparypHBiH 


HHTepBaji 3KcnnyaTaH,HH pe3HHOBbix 
nopHCTBix njiacTHH: ot -45 ao +75°C. 
Pa3Mep nop H3MeH«Tca ot 0,4 mkm h 
BB ime. 06neM nop, b 3aBncnMOCTH ot 
BHA a pe3HHBI, M05KeT BapBHpOBaTBCfl OT 
20 ao 80%. IIopncTBie pe3HHBi MoryT 

HCnOJIB30BaTBCa B AOCTaTOHHO 5XeCTXHX 
cpeAax n ycjiOBnax: KncjiOTa, njejionB, 


BBicoKne n HH3Kne TeMnepaTypBi, MaCJIO, 
6eH3HH, paCTBOpHTeJIH, BOAa, 030H, YO. 

H3 npHBeAeHHoro onncaHna Be- 
mecTB cneAyeT, hto TeMnepaTypa no- 
jiHMepn3an,HH, npeBBimaioiAafl, xax 
npaBHjio, 80 °C, AOioxHa oxa3BiBaTB 
Bjin^Hne Ha CTpyxTypy n CBOHCTBa 
nacTHA TOHepa h pe3HHBi. IIo3TOMy 
nepBOHananBHO Bee nepenHCJieHHBie 
Ao6aBKH 6 bijih HcnBiTaHBi Ha npeAMeT 
cnexaHHa. 3Toro nacTHABi noMe- 
n^ajiHCB Me>xAy AByMa MeTajumnecxH- 
mh (cTajiBHBiMH) njiacTHHaMH. Iljia- 
CTHHBI njIOTHO npH)XHMaJIHCB Me)XAy 
co6oh npn noMOiAH rpy3a, nocjie nero 
x HHJXHeii njiacTHHe hoaboahjiocb Ten- 
jio b TeneHne 3-5 MHHyT. B pe3yjiBTa- 
Te 6bijio ycTaHOBjieHO, hto cnexaHHe 
Me>xAy co6oh h njiacTHHaMH np0H30- 
hijio y nacTHA Bcex HcnBiTyeMBix Be- 
n^ecTB. TaxHM o6pa30M, mo)xho npeA- 
nOJIO}XHTB HajiHHHe AonojiHHTejiBHoro 
ynpOHHjnoiAero 3(})(})exTa npn BBeAO- 
hhh b CBfl3yioiAee yxa3aHHBix AoOaBox. 
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Il0JIHMepil30BaHH0e CBH3yiOmee C BKJlIOHeHHHMH MHKpOHaCTHIJ TOHepa. 


06pa3eij 

Maeea, r 

fl,JIHHa, MM 

IIlHpHHa, MM 

ToJIHJHHa, MM 

06bcm, m 3 

Hjiothoctb, k r/ 

M 3 

ToHep (chhhh) 

10,3685 

49,6 

43,6 

4,06 

0,000008800 

1178,196 

ToHep (nepHBiH) 

4,2442 

30,2 

28,33 

4,3 

0,000003675 

1154,788 



PhC. 2. Il0JIHMepH30BaHH0e CBH3yiOmee C BKJHOHCHHHMH MHKponaCTHU TOHepa. 


B CBH3H C TeM, HTO HaCTHIJBI £0- 
6aBjieHHtix BemecTB bhocht H3Me- 
Hemm b CTpyKTypy Tpa/pmHOHHoro 
KOMno3HTa, cocTOnmero H3 iiojih- 
MepH30BaHHoro CBH3yiomero h bo- 
jiokhhctoh ochobbi, npeACTaBjineTCn 
i^enecoo6pa3HBiM npoBecTH Hccjie^o- 
BaHne pacnono}KeHHa h B3aHMO^eH- 

CTBHH MHKpOHaCTHIJ, KaK OTflCJIBHO CO 
CB5I3yK>mHM, TaK H B K0MH03HIJH0H- 
hom MaTepHajie. H3yneHHe o6pa3ijOB 
npOBO^HJIOCB BH3yaJIBHO, npH nOMO- 
HJH MyjIBTHCeHCOpHOH KOOp/JHHaTHOH 
H3MepHTeJIBHOH MaiHHHBI flJIH BBICO- 
KOTOHHBIX H3MepeHHH B yCJIOBHUX 

ijexa MapKH Werth SCOPE-CHECK. 


OnHcaHne pe3yjiBTaTOB Hccne^OBa- 
HHH npeACTaBJieHBI HH5KC. 

KoMno3HUHOHHbiH MaTepnaji c 
BKJIIOHeHHHMH MHKpOHaCTHH, pe3H- 

Hbi. XapaKTepHCTHKH o6pa3i^a npe#- 
CTaBjieHBi b Ta6ji. 2. 

HaCTHI^BI pe3HHBI HaXOfl5ITC5I B TOJI- 
me HeTKaHOH ochobbi, ho He paBHOMep- 
HO paCn0JI05KeHBI B o6BeMe K0MH03HIJH- 
OHHoro Marepnajia. npH 3 tom CTpyKTy- 
pa BOJIOKHHCTOH OCHOBBI H OT^eJIBHBie 
MOHOHHTH BH^HMBIX HapyiHCHHH He 
npeTepneBaiOT. Han6ojiee KpynHBie na- 
cthh,bi pe3HHBi, HaxoAumHecu 6jIH)Ke 
k noBepxHOCTH o6pa3ija, hmciot bo- 
Kpyr ce6a BcnyHeHHO ctb CB5i3yiomero. 


B oejiOM CTpyKTypa KOMno3HTa o/jho- 
pO^Haa, TpeiHHHBI H ny3BIpBKH B03#yxa 
He Ha6jno^aiOTca. 

IIojiHMepH30BaHHoe CBH3yiomee 
C BKJIIOHeHHHMH MHKpOHaCTHU, pe- 
3hhbi. XapaKTepHCTHKH o6pa3ija npejj- 
CTaBjieHBi b Ta6ji. 3. 

MaTpni^a, eocTonman H3 CBH3yio- 
mero h nacTHij pe3HHBi npe^CTaBjia- 
eT C060H AOCTaTOHHO OAHOpO^HyiO 
Maccy. Bh^hmbix MexaHHHe ckhx no- 
Bpe)KAeHHH HeT, TpemHHOo6pa30Ba- 
Hne OTcyTCTByeT. 3aMeTHBi OT/jejiBHBie 
KOHrnoMepaTBi, o6pa30BaHHBie nacTH- 
H,aMH pe3HHBI (pHC. 1). 

no nepHMeTpy nacTHijBi nojiHOCTBio 
o6BOJiaKHBaiOTca CB^3yiomHM. Ha no- 
BepxHOCTH KOHTaKTa He Ha6jiiOAaeTca 
KaKHx-jin6o /jecjieKTOB hjih HajiHHHn 
ny3BipBKOB B03#yxa. HMeeT mccto He- 
KOTOpaa BcnyHeHHO ctb CBJi3yiomero 
BOKpyr HaCTHH,BI. YHHTBIBaa BBICOKyiO 
nOpHCTOCTB pe3HHBI (HMeHHO no 3TOMy 
KpHTepHIO H n0^o6paH BH£ pe3HHBl), 
cjie^yeT npe^nono^cHTB, hto BCJie^CTBHe 
TeMneparypHoro paeniKpemoi CBH3yio- 
mero npH nojiHMepH3aijHH, npOHCxo^HT 
ero npOHHKHOBeHHe b nopBi noBepx- 

HOCTHOTO CJIOH HaCTHH,BI. TeM eaMBIM 
o6pa3yeTca norpaHHHHBiH cjioh, eno- 
eo6CTByiOmHH yCHJieHHIO a^re3HOHHBIX 
CBa3eH HaCTHH,BI pe3HHBI H nOJIHMepHOTO 
CB5i3yK)Hiero. 3 to no3BOJiaeT eyzjHTB o 
tom, hto nacTHijBi pe3HHBi enoeo6cTBy- 
IOT ynpOHHeHHK) K0Mn03HII,H0HH0r0 Ma- 
Tepnajia. 

KoMno 3 HUHOHHbiii MaTepnaji c 


Ta6ji. 6. 

K0Mn03H0H0HHbIH MaTepnaji C BKJIIOHeHHHMH MHKpOHaCTHH, 
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Ta6ji. 7. 


IIojiHMepinoBaHHoe CBH 3 yiomee c bkjhohchhhmh MHKponacTHp ajiiOMHHHeBOH nyapbi. 


fl,o6aBKa 

Maeea, r 

fl,JIHHa, MM 

IIlHpHHa, MM 

ToJimHHa, MM 

06bcm, m 3 

ITjiotho ctb , 
kt/m 3 

AjHOMHHHeBaH 

nyapa 

1,6174 

24,7 

22,33 

2,17 

0,00000119 

1351,416 

2,5898 

40,0 

14,77 

3,8 

0,00000224 

1152,865 


BKJHOHeHHHMH MHKpOHaCTHH, TOHepa. 

XapaKTepHCTHKH o6pa3ua npe#CTaBjiem>i 
b Ta6ji. 4. 

npe)K^e Bcero, ejieflyeT otmcthtb, 
HTO He3aBHCHMO OT ijBeTa TOHepa (ch- 
hhh hjih nepHtm) HaOjno^aeTCfl HepaB- 
HOMepHOCTB pacnpefleneHHa nacTHij b 
o6BeMe KOMno3HH,HOHHoro Marepnajia. 
HeT BH^HMBIX nOBpe)K^eHHH, TpemHH, 
ny3BipBKOB B03^yxa, pa3JiOMOB. Mare- 
pnaji HMeeT ijbct TOHepa. OTMeHaeTcn 
HaJIHHHe KOHTJIOMepaTOB TOHepa, koto- 
pBie BO BCeM 06 BeMe K0Mn03HTa KOHTaK- 
THpyKDT CO CB5I3yK)mHM. KOHTJIOMepaTBI 
HaCTHH, He BHOCHT BH^HMBIX HapyHieHHH 
b CTpyKTypy h He OKa3BmaiOT OTpHija- 
TeJIBHOTO BJIHHHHH Ha npOHHOCTB KOM- 



PhC. 3. Il 0 JlHMepH 30 BaHH 0 e CBH 3 yiOmee C BKJIIOHeHHHMH MHKponaCTHp TOHepa H pe 3 HHbI. 


Ta6ji. 9. 


IIojiHMepH 30 BaHHoe CB» 3 yiomee c bkjhohchhhmh MHKponacTHij TOHepa h pe 3 HHbi. 


06pa3eij 

Maeea, r 

fl,JIHHa, MM 

IIlHpHHa, MM 

ToJIHJHHa, MM 

06bcm, m 3 

IIjiothoctb, kt/m 3 

ToHep+pe3HHa 

4,2094 

49,6 

18,03 

3,9 

0,000003486 

1207,508 


Taoji. 8. 


K0Mn03HUH0HHbIH MaTepHajl C BKJHOHeHHHMH M II K p OH aCTHH, TOHepa H pe3HHbI. 



no3HTa, enoeoOcTByn ^ononHHTejiBHO- 
My CKpenjieHHio mohohhtch ochobbi h 
CBH 3yiomero. KpOMe toto, epaBHHBan 
CTpyKTypy HeTKaHoro nojiOTHa h kom- 
n03HTa, M05KH0 yTBep)K^aTB, HTO nOJIH- 
MepH30BaHHoe CBH3yiomee e #o6aBKaMH 


TOHepa He OKa3BiBaeT bjih^hhh Ha paeno- 
JI05KeHHe MOHOHHTeil OCHOBBI. 

IIojiHMepH 30 BaHHoe CBH 3 yiomee c 
BKJHOHeHHHMH MHKpOHaCTHH, TOHepa. 

XapaKTepHCTHKH o6pa3ija npe^CTaBjie- 
HBI B Ta6jl. 5. 


PaecMaTpHBaa no# 6ojibihhm yBe- 
jiHHeHneM nacTHi^y TOHepa b MaTpmje, 
cueAyeT b nepByio OHepe^B otmcthtb 
HanjiBiBBi CBH3yiomero BOKpyr nacTH- 
ijbi. IIpHneM, 3th HanjiBiBBi 3aTyxaiOT 
no Mepe yflajieHHn ot Hee. Xoporno 3a- 


Ta6ji. 10. 


IIojiHMepH 30 BaHHoe CBH 3 yiomee c bkjhohchhhmh MHKponacTHu TOHepa h ajiiOMHHHeBOH nyapbi. 


fl,o6aBKa 

Maeea, r 

fl,JIHHa, MM 

IIlHpHHa, MM 

ToJIHJHHa, MM 

06bcm, m 3 

IIjiothoctb, kt/m 3 

AjiiOMHHHeBaa nyzjpa 
+ TOHep 

4,5898 

34,0 

16,54 

3,69 

0,000002075 

2211,8452 
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Phc. 4. IIojiiiMepieoBaHHoe CBH3yiomee c bkjhohchhhmh MHKponacTHu TOHepa h ajiiOMimneiion ny/jpbi. 


MeTHBI HepHBie nOJIOCKH BKJIIOHeHHH 
TOHepa b norpaHHHHOM co CBjnyiomHM 
cnoe (pHC. 2). H3yneHHe (Jxdtochhmkob 
flaeT B03M05KH0CTB npe£nOJIO)KHTB, 
hto b npoijeeee nojiHMepH3aijHH, cbh- 
3yiomee C5KHMaeT nacTHijy TOHepa no 
BceMy ee oOneMy (nepHMeTpy). C yne- 

TOM ^aBJieHHfl H ^OCTaTOHHO BBICOKOH 

TeMnepaTypBi (80-120 °C) HaHonacTH- 
h,bi, cocTaBjifliomHe BHeniHioio no- 
BepxHOCTB h nojiHMepHyio o 6 ojiOHKy 
TOHepa, npoHHKaiOT b CBH3yiomee, 06 - 
pa3yn norpaHHHHBiH cjioh. npH 3 tom 
OTcyTCTByeT TpemHHOo6pa30BaHHe 
HJIH HaJIHHHe ny3BIpBKOB B03^yxa. 
BHyTpeHH^ CTpyKTypa nacTHijBi TO- 
Hepa He HapymeHa. TaKHM o6pa30M, 
BO B3aHMO^eHCTBHH CO CBH3yK>mHM 
ynacTByiOT tojibko noBepxHOCTHBie 
cjioh nacTHi^Bi TOHepa. Mo)kho npe#- 

n0JI05KHTB, HTO njIOTHOCTB MaTpHIJBI 
b norpaHHHHOM cjioe OojiBine, neM ee 
njIOTHOCTB Ha yzjajieHHH ot nacTHijBi. 

KoMno3npHOHHbiH MaTepnaji c 
BKJHOHeHHHMH MHKpOHaCTHIl, ajiiOMH- 
HHeBOH nyapbi. XapaKTepHCTHKH 06 - 
pa3i^a npe^CTaBjieHBi b Ta6ji. 6. 

HacTHi^Bi ajiiOMHHHeBOH ny^pBi 
pa3MemaiOTC5i paBHOMepHO no Bce- 
My oOneMy KOMno3HTa. B ochobhom, 
ny^pa o6pa3yeT KOHrjiOMepaTBi, co- 
e^HHeHHBie Me5K^y co6oh, IIo (Jjoto- 

CHHMKy M05KH0 cy^HTB o cneKaHHH 
nacTHij. Bh^hmbix HapymeHHH CTpyx- 
TypBi KOMno3HijHOHHoro MaTepnajia He 
OTMenaeTca. HacraijBi ny^pBi KOHTaK- 
THpyiOT C MOHOHHTHMH OCHOBBI, HO He 
HapymaiOT hx nepBOHanajiBHoe pacno- 
ji05KeHne. 

IIojinMepH30BaHHoe CBH3yiomee c 
BKJHOHeHHflMH MHKpOHaCTHIl, ajiiOMH- 
HHeBOH nyapbi. XapaKTepHCTHKH 06 - 
pa3i^a npe^CTaBjieHBi b Ta 6 ji. 7. 

06mee BnenaTjieHHe o/piopOA- 

HOCTH MaTpHI^BI, B KOTOpOH HaCTHH,BI 

22 


ajiiOMHHHeBOH ny^pBi paenpeAejieHBi 
paBHOMepHO no BceMy oOneMy. He Ha- 
Ojiio^aeTCn HapymeHHn CTpyKTypBi, 
TpemHH006pa30BaHHH. OT^eJIBHBie 
nacTHi^Bi B3aHMO^encTByiOT Me)K£y 
co6oh, o6pa3ya KOHrjiOMepaTBi. IIo- 
BH^HMOMy, 3a cneT TeMnepaTypHoro 
pacniHpeHHa CBH3yiomero npn no- 
JIHMepH3aiI,HH, npOHCXOAHT C5KaTHe H 
cneicaHHe nacTHij nyjjpBi. HexoTOpaa 
HepOBHOCTB BHeiHHeil nOBepXHOCTH 
(xax h b cjiynae c naeraijaMH TOHepa) 
o6ycjiOBjieHa OTcyTCTBHeM BHeniHero 
OTpaHHHeHHH B BH^e KpBIHIKH, HTO Ha- 
Ojno^aeTcn h b MaTpHi^e 6e3 #o6aBOK. 
KoMno3HUHOHHbiii MaTepnaji c 

BKJHOHeHHHMH MHKpOHaCTHIJ TOHepa 
h pe3HHbi. XapaxTepHCTHKH o6pa3i^a 
npe^CTaBjieHBi b Ta 6 ji. 8 . 

B ijejiOM CTpyKTypa OAHOpo^Han, 
ho npHcyTCTByiOT OT^ejiBHBie nacTH- 
h,bi pe3HHBi, HMeiomne 6ojiee Kpyn- 
HBie pa3MepBi. nepBOHanajiBHoe pac- 
nojioaceHHe mohohhtch b CTpyKType 
HeTKaHon ochobbi He HapymeHO. Tpe- 
mHHOo6pa30BaHHn He HaOjiio^aeTcu. 
M05KH0 npeAn0JI05KHTB, HTO HaCTHH,BI 
Ao6aBOK OKa3BiBaiOT ^eMn^HpyiomHH 
3(j)(])eKT. 

IIojiHMepH30BaHHoe CBH3yiomee c 
BKJHOHeHHHMH MHKpOHaCTHIl, TOHepa 
h pe3HHbi. XapaKTepHCTHKH o6pa3i^a 
npe^CTaBjieHBi b Ta 6 ji. 9. 

^ocTaTOHHO OAHOpo^Haa Maeea 
(pHC. 3). npHcyTCTByiOT OT^eJIBHBie 
HacTHH,Bi pe3HHBi. He OTMenaeTcn HajiH- 
HHe TpemHH H B03^yiHHBIX BKJHOHCHHH. 
BHeniHaa noBepxHOCTB poBHan, rjia#- 
xan. BenyHeHHOCTB OTcyTCTByeT. 

IIojiHMepH30BaHHoe CBH3yiomee 

C BKJHOHeHHHMH MHKpOHaCTHIl, TO- 
Hepa h ajiiOMHHHeBOH ny/jpbi. Xa- 
paKTepHCTHKH o6pa3ija npe^CTaBjieHBi 
b Ta6ji. 10. 

3aMeTHBi OT^ejiBHBie nacTHi^Bi TO- 


Hepa, ho b ijejiOM CTpyKTypa o/jHOpo#- 
Han (pne. 4). AjiiOMHHHeBaa ny^pa h 
TOH ep paenpeAejieHBi paBHOMepHO no 
BceMy oOneMy. B3aHMO^eiiCTBHK) na- 
cthij enoeoOcTByeT eneKaHne naerai^ 
ny^pBi b npoijecce nojiHMepH3au,HH h 
o6pa30BaHHe norpaHHHHoro cjioh bo- 
Kpyr nacTHi; TOHepa. Mojkho npeAno- 

JI05KHTB, HTO MaTpHIja COCTOHmaH H3 
CBH3yiomero, nacTHi; TOHepa h ny^pBi 
6y^eT HMeTB HaHjiynume npOHHOCT- 
HBie xapaKTepHCTHKH 3a eneT pa3JiHH- 
HBIX (j)H3HKO-XHMHHeCKHX S^C^eKTOB 
npH B3aHMO^eHCTBHH yKa3aHHBIX KOM- 
nOHeHTOB. 

npoBe^eHHBie Hcejie^OBaHHH noKa- 
3BmaiOT, hto TeMneparypHoe pacninpe- 
Hne CBH3yiomero b npoijecce nojiHMepH- 
3ai^HH, OKa3BiBaeT eymecTBeHHoe bjihh- 
Hne Ha xapaKTep ero B3aHMO^,eiiCTBHH e 
HacTHH,aMH paecMaTpHBaeMBix ^o6aBOK, 
BCJieACTBHe pa3JIHHHOH $H3HHeCKOH H 
xHMHHecKoii npHpo/jBi BemecTB. 

06o6maH p e 3 yjiBT aTBi H 3 yneHHH 
MHKpOCTpyKTypBI MaTpHI^BI H KOMnO- 
3 hh,hohhoto MaTepnajia e ^oOaBjieHHeM 
nacTHq jierKonjiaBKHx BemecTB, mojkho 
e^ejiaTB cjie^yiomHe bbibo^bi: 

- npHMeHeHHe BemecTB, HcnojiB3ye- 
mbix b KanecTBe ^o6aBOK, He npHBO^HT 
K HaJIHHHIO ny3BIpBKOB B03^yxa, Tpe- 
mHH006pa30BaHHI0 b CTpyKType KOM- 
no3HijHOHHoro MaTepnajia, HajiHHHio 
m exaHHH e ckhx nopoxoB, enoeoOcTByio- 
mHX CHHHCeHHK) npOHHOCTHBIX CBOHCTB 
K0Mn03HT0B; 

- HaCTHH,BI ^o6aBOK ^OJIHCHBI HMCTB, 
no B03M05KH0CTH, MeHBHIHe pa3MepBI, 
eonocTaBHMBie e nacraijaMH TOHepa h 
ny^pBi (b H^eajie - HaHonacTHi^Bi), hto 
enoeoOcTByeT yjiyHHiemno hx B3aHMO- 
AeilCTBHH CO CBH3yK>mHM; 

- e^HHHHHaH MOHOHHTB KOHTaKTHpy- 
eT co CBH3yiomHM h ^oOaBKaMH no Bce- 
My oOneMy (nepHMeTpy); 
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- ny^pa H3 paccMarpHBaeMBix bh^ob 
^o6aBOK pacnpefleneHa Hanbojiee paB- 
HOMepHO no obueMy KOMno3HTa. 
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OPTIMISATION OF THE DYNAMIC 
INDICATOR OF INTERACTION BETWEEN 
CHISELS AND THE WOOD OF THE 
CONICAL FACE MILLING CUTTERS 
(WITH SMALL NUMBER OF CHISELS) 
OF SAWING MACHINES 

V.V. Taratin, Candidate of Technical Sciences, Associate 
Professor 

Nothem (Arctic) Federal University named after 
M.V. Lomonosov, Russia 

The work is related to the study and optimisation of the dynamic 
performance of interaction between chisels and the wood in the course 
of longitudinal milling using the conical face milling cutters (with small 
amount of chisels) of sawing machines. This dynamics is characterized 
by non-uniformity of the process load when using the specified milling 
cutters. It was quantitatively assessed by the indicator of non-uniformity 
of the technological load within the cycle of processing of logs and bars 
into sawn timbers and wood chips. For cutters with small number of 
chisels this dynamic indicator equals the ratio of the maximum total 
length of the cutting edges of the chisels to the average length of their 
cutting edges simultaneously involved in cutting throughout the cycle 
of wood processing (turn of the cutter). Conical face milling (conical) 
cutters with a small number of chisels were conventionally considered 
as a discrete set of square-shoulder mills, i.e. as a particular case of 
a cutter with many chisels. The process of interaction with between 
the chisels and wood within the processing cycle was divided into four 
zones (periods): I zone - period of cutting of all chisels into the timber; 
II zone - period of operation of all chisels of a group and subsequent 
extraction from timber; III zone - the period of gradual extraction of 
the group of chisels from the timber; IV zone - period of approaching 
the neighbouring group of chisels. The size and relative orientation of 
these zones in time in conditions of steady cutting define the different 
nature of interaction between chisels and the wood with the varying 
intensity of technological load. Author has obtained mathematical 
relationships between these zones, and taking them into account - 
determination of the index of uneven technological load per wood 
processing cycle; calculations were made and a number of parameters 
of cutters were substantiated. The author has determined the influence 
on the rate of non-uniformity of width, height of milling, as well as the 
angle of rotation of chisels in the centre plane of the cutter. The rational 
(optimal) location of double lip chisels (at two-row structure) on the 
milling cutter body is the following: the ratio of the width of a line 
of chisels with larger radius of cutting to the width of a line of chisels 
with smaller radius of cutting (at the calculated values of the milling 
process) is 1.25; the size of the non-covered area of the cutting edge at 
the smaller base of the cutter is 50 mm with a total width of 120 mm. 
This condition corresponds to the minimum maximum power of cutting 
along the length of the chips cut and the lowest indicator of uneven 
technological load per turn of the cutter. 


Keywords: conical face milling cutter with a small number of 
chisels, index of uneven technological load, sawing unit. 
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OnTHMH3AIfIDI flHHAMHHECKOrO 
nOKA3ATEJDI B3AHMOHEHCTBHR 
PE3LfOB C APEBECHHOH 
MAJIOPE3tfOBbIX TOPHOBO- 
KOHHHECKHX <DPE3 JIECOnHJIbHbIX 
ATPETATOB 

TapaTHH B.B., oh/c TexH. Hayx, hohcht 

CeBepHbiH (ApKTHnecKHH) (Jie^epajibHbiH yHHBepCHTeT 
HM. M.B. JIOMOHOCOBa, PoCCHfl 

PadoTa nocBHiueHa rnyuemiK) n onTHMH3aHHH nimaMHuecKoro 
noica3aTejni B3anMoa,cncTBHH pe3HOB c apoBecuHon npn nponojibHOM 
(J)pe3epOBaHHH MaJIOpe3HOBbIMH TOpHOBO-KOHHHeCKHMH (KOHHHeCKH- 
mh) (J)pe3aMH jieconnjibHLix arperaroB. 3Ta HHHaMHKa xapatcTepn- 
3yeTca HepaBHOMepHOCTbio TexHOJioruuecKOH Harpy3KH npn c})pe3e- 
pOBaHHH yKa3aHHbiMH (f)pe3aMH. OHa KOJinne CTBeimo oiteHHBajiacb 
noKa3arejieM HepaBHOMepHO cth TexHOJioruuecKOu Harpy3KH 3a hhkji 
nepepadoTKH dpcBCH n dpycbCB Ha rouiOMaTepuajibi h TexHOJioruue- 
CKyio meny. /fan MajiopeauoBbix cjipes 3tot armaMHue ckhh noKa3arejib 
paBeH OTHomeHHio MaKCUMajibHofi cyMMapHOH ^jihhbi pe^ymux Kpo- 
MOK pe3HOB K Cpea,Hefi HJIHHe HX pOKymHX KpOMOK O/JHOBpeMeHHO 
yuacTByiomux b pe3aHHH 3a hhkji nepepadoTKH npeBecHHbi (odopOT 
(J)pe3bi). TopHOBO-KOHHnecKHe (KOHHnecKHe) Majiope3HOBbie (J)pe3bi 
ycjiOBHO paccMaTpHBajincb, KaK nncKpeTHbiii Hadop CTyneHHarax hh- 
jiHHHpHnecKHx ^pe3, to ecTb KaK nacTHbiH cjiynafi MHorope3HOBoro 
(J)pe3epHoro HHCTpyMeHT a . nponecc B3aHMoneiicTBHa pe3HOB c npene- 
chhoh 3a hhkji ee nepepadoTKH dbui pa3nejieH Ha neTbipe 30hbi (nepno- 
Ha): 1 30Ha - nepnon Bpe3aHna Bcex pe3HOB rpynnbi hx b npeBecmiy; II 
30Ha - nepHOH padoTbi Bcex pe3HOB rpynnbi h nocjienoBaTejibHoro bbi- 
xohbi hx H3 HpeBecHHbi; III 30Ha - nepHOH nocjienoBaTejibHoro blixo/h>i 
pe3HOB rpynnbi H3 npeBecHHbi; IV 30Ha - nepnon nonxona coce/piei! 
rpynnbi pe3HOB. BejinnnHa n B3anMHaa opneHTanna bo BpeMeHH yxa- 
3aHHbix 30H npn ycTaHOBHBineMca pe3aHnn onpenejiaeT pa3JinnHbin 
xapaKTep BiaHMonencTBna pe3HOB c npeBecnHon c pa3JinnHon hhtch- 
chbhoctbk) TexHOJiornnecKOH Harpy3KH. Ebuin nojiyneHbi MareMam- 
necKne 3aBHCHMOCTH yKa3aHHbix 30H h c yneTOM nx - 3aBncnMO cth 
onpenejieHna noKaaaTejia HepaBHOMepHOCTH TexHOJiornnecKOH Ha- 
rpy3KH 3a hhkji nepepadoTKH npeBecHHbi, BbinojiHeHbi pacncTbi n odo- 
CHOBaH pan napaMeTpOB (J)pe3. YcTaHOBJieHO BjinaHne Ha noKa3aTejib 
HepaBHOMepHOCTH mnpHHbi, bbicotbi (jipeiepoBaHna, a TaKace yraa pa3- 
BopOTa pe3HOB b HnaMeTpajibHoii hjiockocth ^pe3bi. PanHOHajibHbiM 
(onTHMajibHbiM) npn HByxpanHOM pacnojioaceHHH HByxKpOMOHHbix 
pe3HOB Ha Kopnyce (J)pe3bi aBjiaeTca TaKoe hx pacnojioaceHHe, HTodbi 
OTHomeHne mnpHHbi pana pe3HOB c dojibmHM pannycoM pe3aHHa k 
mnpHHe pa^a pe3HOB c MeHbiHHM pannycoM pe3aHHa (npn pacneTHbix 
3HaneHHax nponecca (J)pe3epOBaHna) cocTaBjiajio 1,25, BejiHHHHa He- 
nepeKpbiToro ynacTKa peacymeH kpomkh y MeHbmero ocHOBaHna (jtpe- 
3bi - 50 mm npn odineii mnpHHe c|)pe3epOBaHHa 120 mm. 3to ycjiOBne 
COOTBeTCTByeT MHHHMaJIbHOH MaKCHMaJIbHOH CHJie pe3aHHa Ha HJIHHe 
cpe3aeMoii CTpyacKH h MHHHMajibHOMy noKa3aTejno HepaBHOMepHOCTH 
TexHOJiorHnecKOH Harpy3KH 3a odopOT (j)pe3bi. 

KjHoneBbie cjioea: Majiope3HOBaa TopHOBO-KOHnnecKaa (J)pe3a, 
noKa3arejib HepaBHOMepHOCTH TexHOJiornHecKOH Harpy3KH, jieco- 
nujibHbiH arperaT. 

YnacTHHK KoiujjepeHUHH, 

HaunoHajibHoro nepBeHCTBa no nayHHoii aHajinraKe, 

OTKpbiToro EBponeiiCKO-A3HaTCKoro nepBeHCTBa no HayHHoii aHajiHTHKe 


http://dx.doi.org/10.18007/gisap:tsca.v0il0.1507 


M ajiope3HOBbie tophobo-kohhhc- 
CKHe (KOHHHeCKHe) (J)pe3bi hih- 
pOKO npHMeHaiOTca b OTenecTBeHHOM 
h 3apyde)KHOM arperaTHOM neconnnb- 
hom odopyHOBaHHH: 4 ) P e3e P HOnHJIb_ 
Hbix, $pe3epHO-6pycyioiHHx, (J)pe3ep- 
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HO-odpe3Hbix CTamcax. K nocTOHHCTBy 
3thx $pe3 OTHOCHTca Majiaa TpynoeM- 
KOCTb H3TOTOBJieHHa h BKcnnyaTaHHH 
(no CpaBHeHHK) C MHOrope3U,OBI>IMH 
4)pe3aMH) b coneTaHHH c bbicokhm 
KanecTBOM nonynaeMbix rauiOMaTepH- 


ajiOB h TexHOJiorHHecKOH inenbi rjiz 
npn [1,2, 6, 7]. 

OnHaKO aHajiH3 pe3ynbTaTOB 3Kcne- 
pHMeHTaJIbHblX HCCJieHOBaHHH H OnblT- 
HO-npOH3BOHCTBeHHbIX HCnbITaHHH 

4)pe3epHonHjibHoro odopyHOBaHna c ce- 
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Phc. 1. PacneTHbie cxeMbi Majiope3ijOBbix kohhhcckhx $pe3: a - Z = 4; 
peacymne kpomkh pe3uoe ycTaHOBJieHbi 6e3 pa3BopoTa npn £= 0; 6 - Z = 4; 
peacymne kpomkh pe3poB ycTaHOBJieHbi c pa3BopoTOM b /jHaMeTpajibHoii 
miocKOCTH (|)pe 3 bi npw £ > 0; b - Z = 8; £ > 0; SeccTyneHnaTan KOHnnecKan 
(i CIR = 0); r - Z = 8; £ > 0; CTyneHHaTan KOHHHecKan (Oi? > 0) c He 
nepeKpbiTbiMH CMeambiMH pe3uaMH b occbom HanpaBJieHHH (|)pe 3 bi (B n =0); 
a - Z = 8; £ > 0; CTyneHnaTan KOHHHecKaa (Oi? > 0) c nacTHHHO nepeKpbiTbiMH 
CMe^CHbiMH pe3uaMH b oceBOM HanpaBJieHHH ^pe3bi (B n > 0) 


pHHHO BtmyCKaeMblMH MaJIOpe3IJOBBIMH 
(J)pe3aMH noKa3aji 6ojibinyio HepaBHO- 
MepHOCTB TeXHOJIOrHHeCKOH Harpy3KH 
3a u,hkji nepepa6oTKH 6peBeH h 6pycBeB 
h KaK cjieflCTBue 6ojiBniHe niiKOBBie 
3HaneHHa chjibi pe3aHHn, oco6eHHO b 
KOM jieBOH Hacra 6peBeH h 6pycBeB, 3a- 
nacTyio npeBBimaiomHx y^epJKHBaio- 
iipie ycHjina ycTpOHCTBa no^ann h 6a- 
3HpOBaHHH CTaHKOB. OTCio/ja CHH^CeHHe 
o6BeMHoro BBixo^a nHjiOMarepHajiOB h 
T exHOJiorHHecKOH mem>i, hx KanecTBa, 
Ha^e^CHOCTH H npOH3BOAHTeJIBHOCTH 
o6opy/jOBaHHn, npe^eBpeMeHHBin bbi- 
XO£ H3 CTpOa HHCTpyMeHTa, nOBBIineH- 
HBie 3Hepro3aTpaTBi b ycTponcTBe no- 
jwwl h 6a3HpOBaHHa, myM h Bn6paijH5i 
[3]. H3-3a HecoBepmeHCTBa Majiope3ijo- 
bbix (J)pe3 6-8% KpaHHHx /jocok nocTa- 
Ba (j)pe3epHonHjiBHoii jihhhh JKPII-2/3 
HMeJIH BBI(J)pe3epOBKH Ha Hapy)KHOH 
njiacra, npH 3 tom okojio 2% - Ha ajihhc 
6ojiee 1,5 m. IIoxo)KHe npo6jieMBi bo 3- 
HHKaJIH H npH OnBITHO-npOMBIHIJieHHOH 
OKcnjiyaraijHH jihhhh J1AITE-2 c Majio- 
pe3H|OBBIMH I^HJIHH^pHHeCKHMH (j)pe3a- 
MH [5, 6]. 

AHaJIH3 KOHCTpyKIJHH OTeHeCTBCH- 
hbix h 3apy6e)KHBix (j)pe3, H3yneHHe 
npoijeccoB npepBiBHCToro h HenpepBiB- 
Horo B3aHMO^eHCTBHa pe3i^OB c /jpeBe- 

CHHOH n03BOJIHJIH HaM BBI^BHHyTB rffllO- 

Te3y, hto o6ecneHeHHn Tpe6oBaHHH 
pecypcoc6epe5KeHH^ Heo6xo^HMa onra- 
MH3aH,Ha KOHCTpyKIJHH (j)pe3, MHHHMH- 
3Hpyioma5i MaKCHMajiBHyio MraoBeH- 
Hyio CHjiy pe3aHHa Ha #yre cpe3aeMOH 
CTpy}KKH H KaK CJie^CTBHe - HepaBHO- 
MepHOCTB TeXHOJIOrHHeCKOH Harpy3KH. 

YKa3aHHoe npejmojiOHceHHe fljin 
MaJIOpe3I^OBBIX (j)pe3 MO)KHO BBipa3HTB 
cjie^yiomeH ijejieBoi! (jjyHKijHeH 

ij =1 / 4 — » min , (1) 

• max cp 7 v 7 

me tj - noKa3arejiB HepaBHOMepHO- 
cth TexHOJiorHHecKOH Harpy3KH (chjibi 
pe3aHHn 3a h,hkji nepepa6oTKH flpeBecn- 
hbi - 3a o6opOT (J)pe3Bi); 

/ H / - COOTBeTCTBeHHO MaKCH- 

max cp 

MajibHaa cyMMapHaa h cpeAH^a AJiHHa 
pOKymnx kpomok o^HOBpeMeHHO pa6o- 
TaiOmHX pe3aOB. 

Pa3JiHHHBie BapnaHTBi Majiope3ijo- 
BBIX TOpaOBO-KOHHHeCKHX (KOHHHe- 

ckhx) (j)pe3 npe^CTaBjieHBi Ha pnc. 1 . 

B OTJIHHHe OT MHOrOpe3aOBBIX (J)pe3 
OHH He HMeiOT HBHO BBIpa5KCHHOrO cnn- 


pajiBHoro pacnojio)KeHHa pe3ijOB Ha Kop- 
nycax (J)pe3. Ho pacnoji05KeHHe pe3ijOB 
jxjik 3Toro THna (J)pe3 mo)kho ycjiOBHO 
TaK5Ke paccMaTpHBaTB KaK cnnpajiBHoe, 
TOJIBKO npH HHCJie pe3aOB B CnHpaJIH 
paBHOM e^HHHae ( Z/k = 1, me Z - hhcjio 
pe3aoB (Jjpe3Bi; k - hhcjio ycjiOBHBix cnn- 
pajieii) cnHpajiH 6y^yT ycjiOBHBie («bbi- 
pO)K^eHHBie»). 

Cjiynaii «BBipo)K^eHHoro» cnn- 
pajiBHoro pacnojio)KeHH5i pe3aoB npH 
Z/k = 1 cooTBeTCTByeT kohctpykh,hh 
(J)pe3Bi (pnc.la6), KOiTja npoeKana 
hbi pOKymeii kpomkh / p paBHueTCn npo- 

eKI],HH HIHpHHBI 4)pe3epOBaHHH Ha OCB 
BpameHHa (J)pe3Bi. 3to cjiynaii ojxnopnR- 
Horo pacnojioiKeHHa pe3aoB b occbom 
HanpaBJieHHH $pe3BI. npH 3TOM B03- 
mo5kho a ea BapnaHTa npocTpaHCTBeH- 
Horo pacnojioiKeHHa pe3aoB. nepBBiii 
BapnaHT (pnc. la), npH 8=0, r^e 8 - 3to 
yroji MOK^y npoeKijHH pOKymeil kpom- 


kh pe3aa Ha njiocKOCTB nepneH^HKyjiap- 
Hyio och Bpamemni (J)pe3Bi h ee ^na- 
MeTpajiBHoii njiocKOCTBio, npoxo^nmeii 
nepe3 TopaoBBiH KOHeij pe3aa. BTOpoii 
BapnaHT (pnc. 16), npn 8 > 0. 

Cjiynaii ^Byxpa^Horo pacnojio^e- 
HHH pe3aOB B oceBOM HanpaBJieHHH 
(J)pe3Bi npe^CTaBjieH Ha pnc.lBr^. B03- 

M05KHO ^Ba KOHCTpyKTHBHBIX BapHaHTa 
MaJIOpe3I^OBOH TOpiJ,OBO-KOHHHeCKOH 
(kohhhcckoh) (J)pe3Bi npn ZJ k >1, s>0. 
nepBBiH BapnaHT (pnc. 1 b) 3to 6eccTy- 
neHnaTaa (J)pe3a, Kor^a napaMeTp CTy- 
neHH 0^=0. B 3 tom cjiynae cmokhbic 
pe3i^Bi (pe3ijBi, OTHOcamHeca k o^hoh 
cnHpajin) He nepeKpBiBaiOT ^pyr Apyra 
b oceBOM HanpaBJieHHH (J)pe3Bi B n =0. 
BTOpoii BapnaHT (pnc.lrA) 3 to CTyneH- 
naTaa (J)pe3a, Kor^a napaMeTp Qi?>0. 
Oh MO)KeT npeAycMaTpHBaTB ^Ba hc- 
nojiHeHHa. O/jho HcnojmeHHe (pnc.lr), 
Kor^a CMe)KHBie pe3ijBi He nepeKpBiBaiOT 
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Phc. 2. PacneTHan cxeMa Majiope3uoBon TopaoBO-KOHnnecKon (KOHnnecKon) 
(|)pc }i>i - nepnoa Bpe3aHHH ot 1 ao/? ycjiOBHbix penum hx j rpynnbi - 1 30Ha 


n((p) = 


n I j ((p) = { R- [5( j -l) + OR]}/ 8 - (a -h)/{5 sin{(p- co( j-l) + 

+ arcsin{( a - h ) /{ R - [ 8( j - 1) + OR]}}, (j-\)co <(p<(p (i _ x)j ; 

tij(<p) = i, <p (i _ w <<p<<p (2i _ w ; 

n"' ( (p) = {a/{S sin{<p- a>( j -\) + arcsinf a /{ R - [S( j - 1 ) + OR]}} (2) 

-{R-[8(j-l) + OR]}/ 8 + 0,5 + /, (p (2i _ l)j <(p< jco. 




Phc. 3. PacneTHaa cxeMa Majiope3poBoii TopaoBO-KOHnnecKon (kohhhcckoh) 
(|)pe3bi: a - nepnoA pa6oTbi ot 1 j\op ycjiOBHbix penum j rpynnbi n Bbixoia H3 
ApesecitHbi - II 30Ha; 6 - nepHOA Bbixo/ja ycjiOBHbix penum rpynnbi - III 30Ha 
h 1 1 ep n o i no^xo^a coce^HeH j +1 rpynnbi pe3poB - IV 30Ha 


Apyr Apyra b occbom HanpaBjieHHH (J)pe- 
3bi B n =0, Apyroe - (pHC.l#) c nacTHHHO 
nepeKpBiTtiMH cmokhbimh pe3i^aMH b 
oceBOM HanpaBjieHHH (j)pe3Bi B n >0. 

Ilpn MaTeMaTHnecKOM Mo^ejinpoBa- 
hhh npoijecca (J)pe3epOBaHHa TopijOBO- 
KOHHHeCKyiO (KOHHHeCKyio) MaJIOpe3- 
ijOByio (j)pe3y ycjiOBHO paccMaTpHBajin, 
KaK ^HCKpeTHBIH Ha6op I^HJIHH^pHHe- 
ckhx (J)pe3 pa3Horo flnaMeTpa pe3amni, 
to ecTt, Kax CTyneHnaiyio ijHjiHH/jpmie- 
CKyio (j)pe3y c pacnojio)KeHHeM pe3ijOB 
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no npocTpaHCTBeHHBiM cnnpajBiM. 3to 
o6ecnenHBaeT e/jHHCTBO TepMHHOJio- 
THH H o603HaneHHH C MH0r0pe3H,0BBIMH 
(j)pe3aMH, a TaK^ce o6hjhoctb mcto^hkh 
npn MaTeMaTHnecKOM Mo^ejinpoBaHKH h 
o6ocHOBaHHH napaMeTpoB (J)pe3epOBa- 
HH5I pa3HOTHnHBIM (J)pe3epHBIM HHCTpy- 
MeHTOM. npoi^ecc B3aHMOAeHCTBH5I pe3- 
h,ob c ApeBecHHOH npn (Jjpe3epOBaHHH 
3a h,hkji nepepa6oTKH 6biji pa3#ejieH Ha 
neTBipe 30hbi (nepHO^a). I 30Ha (pnc.2) 
- nepno/j Bpe3aHHa ot 1 ,zjo i pe3ijOB npn 


I J i J p y-OH rpynnBi pe3ijOB (J)pe3Bi; 

II 30Ha (pnc.3a) - nepHO# pa6oTBi Bcex 
i (1 J i J p) pe3HOB rpynnBi h nocjie£OBa- 
TeJIBHOIX) OT 1 £0 i HX BBIXO^a H3 ^peBeCHHBI. 

III 30Ha (pnc. 36) - nepHO/j nocjie- 
AOBaTejiBHoro ot 1 #o i BBixo^a pe3- 
h,ob rpynnBi H3 ^peBecHHBi; IV 30Ha 
(pnc. 36) - nepno^ no^xo^a coce^HeH 
y'+l rpynnBi pe3i^OB. 

BejiHHHHa h B3aHMHan opneHTai^Ha 
bo BpeMeHH yKa3aHHBix 30H npn ycTaHO- 
BHBHieMca pe3aHHH onpe^ejiaeT pa3jnm- 
HBIH XapaKTep B3aHMO/jeHCTBH5I pe3IJOB 
C ^peBeCHHOH C pa3JIHHHOH HHTeHCHB- 
HOCTBK) TeXHOJIOTHHeCKOH Harpy3KH. 
3 tot xapaKTep B3aHMO/jeHCTBmi Mo^ceT 
6BITB npepBIBHCTBIH, npH KOTOpOM npo- 
ijece pe3aHHa hocht HecTa6Hjn>HBiH 
xapaKTep ot MaKCHMajiBHBix hhkobbix 
3HaneHHH chjibi pe3aHHa (30Ha II) #o 
MHHHMajiBHBix - HyjieBBix 3HaneHHH ee 
(30Ha IV). 3to yxy^maeT ^HHaMHKy 
npoijecca pe3aHHa, ycjiOBHa 6a3Hpo- 
BaHHa npe^MeTa o6pa6oTKH, a 3HanHT, 
yBejiHHHBaiOTca 3HepreTHnecKHe 3arpa- 
tbi Ha no^any h 6a3HpOBaHne, cirynKwr 
npHHHHOH 3HaHHTeJIBHOTO HiyMa H BH- 
6pai^HH. KpoMe yKa3aHHoro, xapaKTep 
B3aHMOAeiiCTBHa MO)KeT 6 bitb Henpe- 
pBIBHBIH, npH KOTOpOM npOIjeCC pe3aHHH 
hocht 6ojiee CTa6HjiBHBiii xapaKTep. B 
3tom cjiynae MaKCHMajiBHBie nHKOBBie 
CHJIBI pe3aHHH (30Ha II) HMeiOT MeHBHIHe 
a6cojiiOTHBie 3HaneHHa, a pa3HHija mok- 
Ay HHMH H MHHHMaJIBHBIMH CHJiaMH pe- 
3aHH^ He3HaHHTeJIBHaH (30Ha IV - OTCyT- 
CTByeT). C yneTOM pa6oTBi pe3i^OB Bcex 
rpynn k- oh cnnpajiH (j)pe3Bi npn noBOpo- 
Te ee Ha yroji 2p/k o6man 3aBHCHMOCTB 

OAHOBpeMeHHO ycjiOBHO pa6oTaiomHx 
pe3I^OB (pe3I^OB - HIHpHHa pe3aHH^ KO- 
TOpBix 3aBHCHT ot KOJiHHecTBa CTyneHeH 
CTyneHnaTOH ipuiHH^pHnecKOH (J)pe3Bi, 
b KOTOpyio 6Buia npeo6pa30BaHa hc- 
xo^Haa (J)pe3a) ot yraa noBOpOTa (J)pe3Bi 
n(j) BBipa)KaeTca cjie^yiomeH chctcmoh 
ypaBHeHHH (2). 

B cncTeMe ypaBHeHHH (2) npHHOTBi 
cjie^yiomHe o6o3HaneHHn: R - MaKCH- 
MajiBHBiii pa^iiyc pe3aHM, mm; 5 - pa- 
^HaJIBHBIH Hiar yCJIOBHBIX pe3I^OB b cnn- 
pajin, mm; cd - yrjiOBOH mar ycjiOBHBix 
pe3i^OB b cnnpajiH, rpa^; j - TeKymnii 
yroji noBOpOTa $pe3Bi, rpa^; OR- bbico- 
Ta CTyneHH MOK^y pa^aMH pe3i^OB, mm; 
a - paccTOUHHe MeyKjjy hh^chch o6pa3y- 
lomeii 6peBHa (njiacTBio 6pyca) h ocbio 
4)pe3Bi, mm; h - TOJimHHa (J)pe3epOBaHH«, 
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Phc. 4. BjiHHHne BbicoTbi (|)pe3epoBaHHH h Ha / p h / max - a, Ha noKa3aTejib TexHOJiorHnecKoii Harpy3KH r\ - 6, yrjia 
pa3BopoTa jie3BHH pe3U0B £ Ha / h / max - b npn 3HaneHHHx: n p = 2 (4>pe3a AByxpHAHaa) AB = B Q1 / B Q2 = 1 B Q1 = 60 mm; 
B Q2 = 60 mm; Z= 8 - a.6; n p = 1 ($pe3a OAHopaaHaa); AB =B 01 / B Q2 = 0; Z? w/ = 0 mm; Z = 4 - b; 2? p = 120 mm; k = 4; 0 bx = 75°; 

g cp = 45°; j = 45°; = 15°; 5 = 22 mm; b= 2,5 mm. 


mm; i - Texymee kojikhcctbo o^HOBpe- 
MeHHO pa6oTaiomHx ycjiOBHbix pe3ijOB 
npH 1 J i J p y-OH rpynnti ycjiOBHbix 
pe3I^OB (j)pe3BL 

no ypaBHeHHaM chctcmbi (2) mo>k- 
ho onpe^ejiHTb kojikhcctbo o^HOBpe- 
MeHHO pa6oTaiomHx ycjiOBHbix pe3ijOB 
npH noBOpOTe Ha jiio6oh yron j , a Taioice 
MaKCHMaJIBHOe KOJIHHeCTBO O^HOBpe- 
MeHHO paGoTaionpix ycjiOBHbix pe3ijOB 
n cbpe3BL 

max T r 

Cpe^Hee kojikhcctbo o^HOBpe- 
MeHHO paGoTaioiipix ycjiOBHbix pe3ijOB 
3a o6opOT (j)pe3bi onpe/jejiaeTca no 3a- 
bhchmocth: , 

zp 

n cp =0,57i- l kY J {n I cp [<p^i )j ~ 

. 7=1 

- ( j - \ )(o + +i[<p (2i _ iy - (p^j ] - 

( 3 ) 

“0^(2 i-i)j 

me k - hhcjio cnHpajien (J)pe3bi; z - 
hhcjio ycjiOBHbix pe3i^OB b cnHpajiH; p - 
hhcjio ycjiOBHbix pe3i^OB b rpynne. 


nocjie npe^CTaBjiemni npaBOH na- 
cth ypaBHeHHa (3) b HHTerpajibHOM 
BHfle H paCKpbITHa HHTerpaJIBHOH 3aBH- 
chmocth 6bijih onpe/jejieHbi 3HaneHHa 
napaMeTpa n . 

noKa3aTejin b npaBOH nacTH ypaB- 
HeHHn (1) onpe^ejiaiOTca no 3aBHCHMO- 
CTaMI 

l = n e /cose cosa), (4) 

/ = n e /cosscoscp, (5) 

max max o T v 7 

me e o - HiHpHHa (j)pe3epOBaHHn yc- 
jiOBHoro pe3ija, mm; q> - yroji HaKjiOHa 
pOKymen KpOMKH pe3ija k hjiockocth 
nepneH/pncyjBipHOH och BpameHHn (J)pe- 
3bi, rpa#. 

Pe3yjn>TaTbi pacneTOB no 3aBncnMO- 
ctmm (1) - (5) noKa3ajin cjie^yiomee. 

C yMeHbmeHneM mnpHHbi (J)pe3epo- 
BaHna HaGjno^aeTca CHH^ceHne / , / , 

max 7 cp 7 

ri , npnneM rjisl l n / 3to CHH5KeHne 
HMeeT jiHHeHHbin xapaKTep, a j\jik tj - 
cjierKa Bbipa^eHHbiii KpHBOJinHeHHbin. 


YcjiOBne (1) He ^ocTnraeTca (3KCTpeMy- 
mob He Ha 6 jnoAaeTca). 

C yBejiHneHHeM TOJimHHBi (J)pe 3 epo- 
BaHHn / He H 3 MeHaeTca, a / CHanajia c 

cp 7 max 

h = 60 MM RO h = 90 MM He 3 HaHHTeJIBHO 
yMeHbmaeTca, a 3 aTeM j\o h = 180 mm 
pacTeT c OojibHieH khtchchehoctbio c 
H aJIHHHeM 3 KCTpeMaJH>HOrO (MHHHMaJIB- 
Horo) 3 HaneHHa b ^Hana 30 He TOJimHHBi 
(J)pe 3 epOBaHH 5 i ot 80 ^o 100 mm (pnc. 
4 a). KpHBOJiHHeiiHbiH xapaicrep no- 
cjieflHen 3aBHCHMOCTH CKa3biBaeTca Ha 
xapaKTepe napaMeTpa r\. Oh Taioice Kpn- 

BOJIHHeHHBIH, HO C o 6 paTHOH BOTHyTO- 
CTBK), He n 03 BOJHHOmeH B 3 KCTpeMaJH>- 
hoh TOHKe MHHHMH 3 au,Hio noKa 3 aTejni 
TJ, a 3 HaHHT yCJIOBHe MHHHMH 3 aiI,HH KpH- 
TepHa no 3 aBHCHMOCTH ( 1 ) (pHC. 46 ). He 
^ocTHraeTca. 

C yBejiHneHHeM yrjia s HaOjno^aeT- 
c a He 3 HaHHTejibHbiH pocT noKa 3 arejieH 
/ h / no cjia 6 oBbipa}KeHHi>iM kphbo- 

max cp 1 1 

JIHHeHHBIM 3aBHCHMOCTaM, He HMeiO- 
IH|HM 3KCTpeMaJH>HBIX TOHeK (pHC. 4b). 
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I CD' I max. mm 




AB 


a 6 

Phc. 5. BjiHHHHe DB Ha: a - / max h / ; 6 - noKa3aTejib HepaBHOMepHOCTH TexHOJiorHHecKoii Harpy3KH ip 


IIoKa3aTejiB rj npH H3MeHeHHH napaMe- 
Tpa s ocTaeTca no ctouhhbim . 

Ilpn ycTaHOBHBmeMC^ pe3aHnn (Bee 
ycjiOBHBie pe3i^Bi rpynnBi BHeApmoTCn 
b ^peBecHHy) MHHHMyM noKa3arejni l max 
AOCTHraeTCn npn 8 = 0°. O^HaKO b Ha- 
najiBHBin MOMeHT pe3amni npn HeycTa- 
HOBHBineMCfl pe3aHHH (He Bee ycjiOBHBie 
pe3iiBi ynacTByiOT b pe3aHnn) c no3H- 
n,nn jiynmnx ycjiOBHH 6a3HpOBamni, a 
Taioice yMeHBmeHH^ y^apHon Harpy3- 
kh i^ejiecoo6pa3HO hmctb yron s > 0°. 
3HaneHne napaMeTpa s b GojiBmnHCTBe 
KOHCTpyKijHH OTenecTBeHHBix n 3apy- 
6e)KHBIX TOpIJOBO-KOHHHeCKHX (KOHHHe- 
CKHX) MaJIOpe3I^OBBIX (J)pe3 npHHHMaiOT 
paBHBiM 15°. 3to 3HaneHne napaMeTpa s 
CHHTaeTca pan,noHajiBHBiM no pe3yjiBTa- 
TaM onBiTHO-npOMBinnieHHBix n npon3- 
boactbchhbix HcnBiTaHHH (J)pe3epHoro 
HHCTpyMeHTa n npe5KAe Bcero no no- 
Ka3aTejno xanecTBa TexHonornnecKon 
menBi [1, 2, 5, 7]. 

Ha pnc.5 npe^CTaBjieHBi rpa(j)HKH 
bjihuhhh napaMeTpa AB = B 0] /B 0? - ot- 
Homemra mnpHHBi pfl/ja pe3AOB c 6 ojib- 
uihm pa^nycoM peaamra B 01 k mnpnH e 
pnAa pe3i^OB c MeHBniHM pa^nycoM 
pe3amni B 02 - eooTBeTCTBeHHO Ha cpeA- 
hiok) n MaKCHMajiBHyio cyMMapHyio 
fljiHHy OAHOBpeMeHHO paGoTaiomnx 
pe3i^OB (pnc.5a), a TaK>xe Ha noKa3arejiB 

HepaBHOMepHOCTH TeXHOJIOTHHeCKOH 
Harpy3KH (pnc.5 6). no ctouhhbimh 3Ha- 
HCHHUMH npH nOCTpOeHHH rpa(j)HKOB 

6bijih: B = 120 mm; k = 4; Q = 75°; 

Q = 45°; j = 45°; e = 1 5°; S = 22 mm; 

^cp 7 5 z 

h = 180 mm; b Q = 2,5 mm. 

C yBejiHneHHeM napaMeTpa AB 
noKa3arejiB / yMeHBmaeTca no cjia- 

cp J 
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60BBIpa5KeHH0H KpHBOJIHHeilHOH 3a- 
bhchmocth. noKa3aTejiB / CHanajia 

max 

c AB ot 0 a o 1,25 pe3KO yMeHBmaeTCn, 
a 3aTeM c AB ot 1,25 ao 2 pacTeT c He- 

CKOJIBKO MeHBHien HHTeHCHBHOCTBK) 
(pnc. 5 a) c HajiHHneM 3KCTpeMajiB- 
hoto (MHHHMajiBHoro) 3HaneHH« npn 
AB= 1,25. 

KpHBOJiHHeiiHBiH xapaxrep no- 
cjieflHeii 3aBHCHMOCTH CKa3BiBaeTca Ha 
xapaxTepe napaMeTpa rj (pnc. 56 ). Oh 
T aiOKe KpHBOJIHHeHHBIH, ho c toh )xe 
BOTHyTO ctbk) , no3BOJHnomeii nOJiyHHTB 
B 3KCTpeMaJIBHOH TOHKe npn AB = 1,25 
MHHHMH3aijHK> noxa3aTejni 77, a 3HanHT 
^OCTH}KeHHa yCJIOBHH MHHHMH3 aiI,HH 
KpHTepH^ no 3aBHCHMOCTH (1). 

Hmchho npn napaMeTpe AB = 1,25 

MHHHMH3HpyeTCU 3HaneHHe MaKCHMaJIB- 
hoh MTHOBeHHoii chjibi pe3aHHn Ha Ayre 
cpe3aeMoii CTpy^xxH h oOeeneHHBaeTcn 
MHHHMaJIBHBIH nOKa3aTeJIB HepaBHO- 
MepHOCTH TeXHOJIOTHHeCKOH Harpy3KH 
3a h,hkji arperaTHoii nepepa6oTKH (060- 
pOT $pe3Bl). 

BBinojiHeHHBie pacneTBi no3BOjrajiH 
o6oCHOBaTB pa A KOHCTpyKTHBHO-TeXHO- 
jiorHHecKHx napaMeTpOB, oOeenenHBa- 
iohjhx Tpe6oBaHHa pecypcocOepoxemni 
no KpHTepHK) (1). 

npOBe^eHne onTHMH3aii,HH koh- 
CTpyKi^HH pecypcoc6eperaiomeH Top- 
I^OBO-KOHHHeCKOH MaJIOpe3I^OBOH (j)pe3BI 

(naTeHT PO N° 1782732 [4]) c AByxpuA- 

HBIM paen0JI05KeHHeM ^ByXKpOMOHHBIX 
pe3i^OB h c nepeKpBiTHeM pe5Kymnx Kpo- 
mok b oceBOM HanpaBjieHHH (pnc. 1 a) c 
HCn0JIB30BaHHeM H,eJieBOH (^yHKAHH (1) 
H 3aBHCHMOCTeil (2) - (5) OTHOCHTeJIBHO 
napaMeTpa B g noKa3ajio, hto c yneTOM 


npHMeHaeMBix nocTaBOB h napaMeTpOB 
nepepa6aTBiBaeMoro CBipBa, bcjihhh- 
Ha nepeKpBiTHa b occbom HanpaBjie- 
HHH AOJHKHa cocTaBjiaTB B n = 70 mm, a 
3HanHT npn o6meii HiHpHHe $pe3epo- 
BaHHa b oceBOM HanpaBjieHHH (J)pe3Bi 
5 p = 120 mm, BejiHHHHa HenepeKpBiToii 
nacTH pe3Aa, pacnoji05KeHHoro y mchb- 
rnero ocHOBaHHa Kopnyca (J)pe3Bi, b oce- 
BOM HanpaBjieHHH B 0 aoji^chb cocTaBjiaTB 
50 MM. 

Kax noxa3ajiH pacneTBi, ecjin 
TpaAHAHOHHoii (J)pe3Bi c nojiHBiM nepe- 
KpBiTHeM CMe)KHBIX pe3HOB (pnc. la, 6) 
npn nepepa6oTxe hhjiobohhoto cbi- 
pBa Ha (J)pe3epHonHjiBHoii jihhhh c 
B epuiHHHBiM AHaMeTpoM, HanpHMep 
20-24 cm, npn o6pa6oTxe xoMjieBoii na- 
cth 6peBeH (OpycBeB) HiHpHHa (j)pe3epo- 
BaHHa cooTBeTCTByiomaa OAHOBpeMeH- 
ho HaxoAunjHMca b ApeBecHHe jie3BHaM 
pe3AOB AOcraraeT 100-120 mm, to aji^ 
pecypcoc6eperaiomeii xoHCTpyxAHH 

4)pe3BI (pHC. 1 a) 3TOT napaMCTp COCTaBHT 

50-70 mm, CHHaceHne nonTH b ABa pa3a 
yxa3aHHoro napaMeTpa Ba5 KHO ajm yjiyn- 
meHHa ycjiOBHH 6a3HpOBaHHa, a 3HanHT 
CHH)xeHHa 3Hepro3aTpaT Ha Hero rjw o6e- 
cneneHHa bbicokoto xanecTBa BBipa6aTBi- 
BaeMBix niuiOMaTepHajiOB h TexHOJiorHne- 
cxoii menBi h, b nacTHOCTH, 6yAeT cnoco6- 
CTBOBaTB yMeHBHieHHK) BBI(J)pe3epOBOK Ha 
6 okobbix njiacTax xpaiiHHx aocok nocTaBa 
(J)pe3epHOnHJIBHBIX JIHHHH. 

Ha OCHOBaHHH HCCJieAOBaHHa He- 
paBHOMepHOCTH TeXHOJIOTHHeCKOil Ha- 
rpy3KH Majiope3AOBBix topaobo-kohh- 
necxHx $pe3 jieconHjiBHBix arperaroB 
6 bijih o6ocHOBaHBi cjieAyioiAne pau;H- 
OHajiBHBie napaMeTpBi Majiope3AOBBix 
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TOpI^OBO-KOHHHeCKHX (j)pe3 C flByX- 

kpomohhbimh pe3ijaMH: AB = 1,25, 
B = 70 mm, B n = 50 mm, V= 25 m/c, 

S z = 22 mm, /7 p = 2, Z = 8, 

A:" = 4, j = 45°, 5 = 120 mm; k = 4; 
Q = 75°; g = 45°; s = 15°. 3th napa- 

7 - a -'Cp 7 1 

MeTpBI 3aJI05KeHBI HaMH B TeXHHHeCKOM 

3a^aHHH Ha npoeKTHpoBaHHe pecypeoe- 
deperaiomux (})pe3 rjisl (J)pe3epHO-6py- 
CyiOH^HX H (j)pe3epHOnHJIBHBIX CTaHKOB 
arperaTHBix neconHjiBHBix jihhhh. 
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THE EFFECTS OF TECHNICAL PROGRESS ON ITALIAN TOURISM COMPANIES 

D. Szutowski, Doctoral Candidate 

Poznan University of Economics, Faculty of International Business and Economics, Poland 

Purpose. The purpose of the present research was to determine the effects of technical progress on the value of Italian tourism companies. 

Design/methodology/approach. The research was performed on the data on three tourism companies listed on the Borsa Italiana: Autogrill, 
GrandiViaggi, and Snai. The research was based on publicly available data on technical progress retrieved from the ProQuest database. The effects 
of the technical advancement were measured using the event-study method. All the data on the asset prices was retrieved from the database of the 
stock exchange. 

Findings. The research indicates that on average the implementation of any kind of technical advancement augments the company’s market 
value by 1% within 21 days surrounding the release of the information to the market. However, the results differentiated strongly among the 
different types of technical advancement projects. 

Research limitations. The main limitation is that the research covered only the technical advancement projects from one country. 

Originality/value. The paper fulfils the knowledge gap concerning the results of the technical progress in tourism enterprises. 

Keywords: tourism enterprise, technical progress 
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Introduction 

Technical progress is usually 
attributed to such business fields as 
electronics, aviation, pharmaceutical 
industry etc. However, technical 
progress is also provided by the low-tech 
industries to a significant extent. 

In the extensive work on technical 
progress and innovation Lundvall [2010] 
distinguishes incremental and breakthrough 
technical changes. He indicates that the 
substantial part of the incremental progress 
originates form the routine actions. In such 
approach, the every-day operations, and 
the minor upgrades are more important 
than the formal R&D (at the same time, 
that the breakthrough advancements are 
more likely to occur in specialised research 
facilities). Furthermore, the routine every- 
day actions occur in both high-tech, and 
low-tech industries, and therefore the 
chances for minor upgrades to occur are 
virtually the same in both. 

Tourism is the low-tech industry. 
However, it has a cmcial role in the economy 
of the European Union [WTTC 2014]. It 
contributes to both - GDP and employment 
[Ernst & Young 2013]. 

In order to study the effects of the 
technical progress of tourism enterprises 
the event- study method was employed. 
The results indicate, that the technical 
advancement causes the market value to 
increase on average by 1%. 

The paper is organised as follows. 
First, the tourism enterprises are defined. 
Second, the method is presented. Third, 
the results of the empirical investigation 
are delivered. Fourth, the discussion and 
conclusions are delivered. 

Tourism enterprise 

In the current research, the definition 
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of tourism enterprises was retrieved 
from the United Nations World Tourism 
Organisation. According to the UNWTO 
tourism enterprises cover: accommodation 
for visitors, food and beverage servicing 
activities, passenger transportation, travel 
agencies, and other reservation activities 
[UNWTO 2010]. However, the distinction 
may be problematic, if a company is 
engaged in different activities. In such 
case, an enterprise will be classified as 
tourism if more than a half of the value 
added is generated by the tourism-related 
activity [UNWTO 2010]. 

Method 

The purpose of the present research 
was to determine the effects of technical 
progress on the value of Italian 
tourism companies. The spatial scope 
encompassed Italy. The research was 
focused on tourism enterprises listed on 
the main market of Borsa Italiana. The 


data on technical progress was retrieved 
from the ProQuest database. Within the 
studied period three different types of 
technical progress were identified: 

• Advancement in the equipment 
used directly to provide services to 
customers. 

• Advancement in the machinery 
used in the internal processes of 
companies. 

Implementation of web technologies. 

The effects of technical advancement 
projects were measured using the event- 
study method [Campbell, Lo, MacKinlay 
1997; McWilliams, A. &Siegel 1997]. The 
changes in market value resulting from the 
technical changes were measured in the 
short-term due to the assumption about 
the market efficiency [Fama 1970]. The 
abnormal returns were calculated as the 
difference between the actual ones, and the 
ones calculated using the Fama & French 



Graph 1. Abnormal returns due to the technical progress 
made by tourism enterprises 
Source: own development 



-equipment - customers 
equipment - process 
-web 


Graph 2. The abnormal returns resulting from different types 
of technical progress 
Source: own development 


three-factor model. In the preliminary 
research on the effects of innovation 
[Szutowski 2014] it was ascertained that 
the most recognisable abnormal returns 
occur within the period of 21 days 
surrounding the event. Therefore in present 
study such period was employed. 

Results 

The results indicate that the 
cumulated gain in the market value 
resulting from the technical progress 
projects managed by tourism enterprises 
equals 1%. The distribution of the 
abnormal returns over the period of 
21 days is presented in the graph 1. 

As it may be seen, the highest gain in 
market value may be observed several days 
after the information of the technological 
project is announced. It may be related to 
the fact, that the technical progress may 
require some time to be acknowledged by 
the market (probably, the more complicated 
the project is, the more time the investors 
will need to acknowledge it). 

Three types of technical progress 
were identified: advancement in the 
equipment used directly to provide 
services to customers, advancement in the 
machinery used in the internal processes 
of companies, and implementation of 
the web technologies. The results of 
the technical progress in all three fields 
were strongly diversified. Precise data is 
presented on the graph 2. 

The abnormal returns vary strongly 
among the different types of technical 
advancement. The most profitable for 


the tourism enterprises is to invest in 
technologies that improve processes. The 
less profitable technological improvements 
are the ones focused on customers. 

Conclusions 

Technical advancement is of key 
importance for the development of 
companies. It is usually associated 
with high-tech industries, but the low- 
tech ones also play an important role. 
The good examples are the tourism 
enterprises. 

The research was performed on the 
Italian tourism enterprises, listed on 
Borsa Italiana. The data on technical 
progress was retrieved from the ProQuest 
database. The technical advancement 
projects were divided into three groups: 
advancement in the equipment used 
directly to provide services to customers, 
advancement in the machinery used in 
the internal processes of companies, and 
implementation of the web technologies. 

The results indicate that the projects 
focused on technical changes increase 
the market value by 1%. The most profit- 
making for the tourism companies are the 
technologies, which improve the internal 
processes. This may be based on the fact, 
that the profits in this case do not depend 
on the market reaction (customers’ 
reaction) and bring less uncertainty. 

The further research should be 
expanded to cover other markets. Also it 
seems beneficial to augment the sample 
in order to extract more types of technical 
advancement and generalise the results. 
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The article deals with the migration ability of heavy metals in terms 
of the ionic radius, Kartlendzh and power coefficient, as well as the 
growth of their technophility with identification of the most dangerous 
pollutants for the biosphere during over a hundred years. 

Keywords: technophility, heavy metals, pollution, biosphere, 
technogenesis. 
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Majinn A. 3., MarncTp 

npn^HenpoBCKaa roeynapCTBeHHan aKa/feMHn CTpouTejibCTBa 
n apxHTeKTypti, YKpanHa 


B padoTe H3yneHa MnrpaunoHHaa enoeodHOCTt TtDKejitix MeTaji- 
jiob no noKa3aTejiaM noHHoro pajjnyca, KapTjieH^a n OHepreTnuecKO- 
ro KOO^^nuneHTa, a Taxace pocT nx TexHO^njitHOCTH c BtiaBJieHneM 
Handojiee onacHtix dnoctjtepbi 3arpa3HHTejien Ha npcmuKemm 
dojiee neM CTa neT. 

KjnoneBbie cjioea: TexHOtjtnjibHOCTb, TJDKejibie MeTajuiti, 3arpa3- 
HeHne, dnoc^epa, TexHoreHe3. 

Y HaCTHHKH KOH(J)epeHLI,HH 
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B HacToantee BpeMn b xo^e CBoen xo- 
3ancTBeHHon ^eaTejibHOCTH nejio- 
BenecTBO Hcnojn>3yeT npaKTHnecKH Bee 
XHMHHeCKHe 3JieMeHTBI H3 nepHOAHHe- 
ckoh Tadjinifbi MeH^eneeBa, o^Ha- 
ko odueMbi hx noTpedjieHH^ Moryr cy- 
me CTBeHHO OTJIHHaTbCH. K C05KaJICHHK), 
K034)$HifneHT nojie3Horo AeiicTBHn bo- 
BjieneHna xhmhhcckhx 3JieMeHTOB He- 
noepe^CTBeHHO b npo^yKifmo npOMbim- 
neHHoro npOH3BO£CTBa Hpe3BbiHaiiHO 
HH30K, Bcero 10 % OT JfoOblHH, OCTaJIb- 
Hoe KOJinnecTBO paceenBaeTca b BH^e 
npHMecen b dHoecjiepe n odyejiaBjiHBaeT 
3arpa3HeHne ee KOMnoHeHTOB, oeodemio 

3TO KaeaeTCa TaKHX TOKCHKaHTOB, KaK 
T^DKejibie MeTajuibi. C KajKjtbiM torom 
HHTeHCHBHOCTB TCXHOreHe3a yBeJIHHH- 
BaeTca b reoMeTpHuecKon nporpecenn, 
hto OTpa5KaeTC5i nepe3 noKa3aTejin Tex- 
HO(|)HJIbHOCTH, KaK OTHOHieHHH KOJIHHe- 
CTBa H3BjieneHHoro TiDKejioro MTamia b 
ero KjiapKy b jiHToetjjepe. flosTOMy ifejib 
padoTbi 3aKmoHajiacb b aHajiH3e enoeod- 
HOCTH K MHrpaifHH TIDKeJIbIX MCTaJIJIOB 
H HX TeXHO(j)HJIbHOCTH Ha npOTIDKeHHH 
112 JieT, HTO ^aCT B03M05KH0CTB BblflBJie- 


hhh Handojiee onacHbix 3arpn3HHTejieii 
dHoetjiepbi e yneTOM TeH^eHifHH noTped- 
HOCTeii HejiOBenecTBa b tom hjih hhom 
XHMHH eCKOM ojieMeHTe. 

OlfeHKy (J)H3HKO-XHMHHeCKHX 

CBOHCTB TIDKeJIbIX MeTaJIJIOB K MHTpaifHH 
npOBOflHjiH npH noMomn noKa3aTejia 
KapTjieH^5Ka (I1K) h OHepreTHnecKoro 
K03(j)(J)HIfHeHTa £JHI KaTHOHHOH (|)OpMbI 
MHrpaifHH (3K KaT ): 



3K Kam = ^r\0. 7 5(R l + 0,2)] 

me Z - 3apjm HOHa; R. - pa^nye 
HOHa, A [1]. 

noKa3arejib KapTjieH^a nBjraeTcn 
(^aKTOpOM 3JieKTpOCTaTHHeCKHX oeodeH- 
HOCTeii HOHa, a OHepreTHne ckhh ko 3$- 
(JtHifneHT - nan OHepran, KOTOpan bbi- 
AejraeTcn npH odpa30BaHHH KpHCTajuiH- 
necKOH pemeTKH MHHepajiOB, b eocTaB 
KOTOpbIX BXO^HT T5DKeJIbie MeTaJIJIbl. 

TexHO^HjibHOCTb TiDKejioro MeTan- 
jia onpe^ejiajiH KaK OTHomeHHe #odbi- 
hh (/J) k ero KjiapKy b jiHToetJtepe (K) 


b ^HHaMHKe e BbidopKoh donee neM b 
100 JieT: 

t x = m k, %. 

AHajiH3 TexHO^HjibHOCTH oeymecT- 
bjhijih, nojib3y;icb ^aHHbiMH United 
States Geological Survey otho chtc jibho 

HX TO^OBOH flOdbIHH [2]. 

BHyTpeHHHe (jmKTOpbi MHrpaifHH 
T5DKejibix MeTajuiOB, HanpuMyio 3a- 
BHCimtHe ot CTpoemra hx aTOMOB, a 
HMeHHO enoeodHOCTH 0dpa30BbIBaTb 
jieTyuHe, pacTBOpHMbie hjih HHepTHbie 
(jjopMbi, xapaKTepH30BajiH, Hcnojib3yn 
hohhbih pa^nye, noKa3aTejib KapTjieH- 
Ka h 3HepreTHnecKHe K03({)(^HifHeH- 
tbi. Ot BejiHHHH hohhbix pa^nycoB 3a- 
BHCHT paCTBOpHMOCTb COe^HHeHHH, HX 
TBep^ocTb, TeMneparypa njiaBjieHH^ h 
KH neHHa, CTpyKTypa h OHeprna KpH- 
CTajuiHHecKHx pemeTOK MHHepajiOB, 
hto b ^ajibHeiimeM OKa3biBaeT bjih^hhc 
H a MHrpaifHio aTOMOB xhmhhcckhx 3Jie- 
MeHTOB h paeeeHBaHHe hx b dHoctjiepe. 
CoraacHO A.C. OepCMaHy ^ajibHOCTb 
MHrpaifHH aTOMOB onpeAejiaeTca 3a- 

Tadji. 1. 


OH3HKO-XHMHHeCKHe nOKa3aTCJIH MHrpaU,HOHHOH enoeodHOCTH KaTHOHOB TH»CeJIbIX MeTaJIJIOB 


Hoh TH5Kejioro MeTajuia 

Pa^nye HOHa, A 

IIoKa3aTejib KapraempKa 

3HepreTHHeCKHH K03(J)(J)HItHeHT 

Cr 2+ 

1,83 

1,09 

1,77 

Pb 2+ 

1,32 

1,52 

1,73 

Cd 2+ 

1,03 

1,94 

1,79 

Mn 2+ 

0,91 

2,20 

1,83 

Co 2+ 

0,82 

2,44 

1,86 

Zn 2+ 

0,81 

2,47 

1,87 

Cu 2+ 

0,80 

2,50 

1,88 

Ni 2+ 

0,74 

2,70 

1,90 
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KOHOMepHOCTJIMH H3MeHeHH5I BeJIHHHH 
pa^HyCOB XHMHHeCKHX 3JieMeHTOB B 3a- 
BHCHMOCTH OT HX n0JI05XeHH5I B Ta6jIHIje 

J\M. MeH^eeneBa, a hmchho: c yBejinne- 
HHeM nopa^KOBoro HOMepa ohh B03pac- 
TaiOT b rpynnax, HanpoTHB, b nepno^ax 
- yMeHBinaiOTca; no ^naroHajin - abjm- 
K)tc a 6 jih3khmh no pa3MepaM (npaBHjio 
^naroHajiBHBix p^moB); c yBejinneHH- 
eM 3apa^a KaraoHa yMeHBinaiOTCfl, a 
aHHOHa - yBejiHHHBaiOTCJL Othoch- 
TejiBHO KapTjien BBinoiraeTCJi ycjiOBne 
(IIK < 3), cne^OBaTejiBHO, joynaeMBie 
TjnxejiBie MeTajuiBi othochtc« k oneMeH- 
TaM, KaTHOHBi KOTOpBix jierKO nepexo^T 
b npHpo^HBie bo^bi, KOMnneKCHBie hohbi 
H e o6pa3yiOTca. 3HaneHH5i 3HepreTnne- 
ckhx K03(J)(|)Hn,HeHT0B np^MO nponop- 
n,HOHaJIBHO 3aBHCeJIH OT BaJieHTHOCTH H 
o6paTHO nponopipiOHajiBHO ot noHHoro 
pa/jnyca (Ta6ji. 1). ,Zl,ajiBHOCTB Mnrpa- 
n,HH aTOMOB XHMHHeCKHX 3JieMeHTOB 
B03pacTajia npn ycjiOBnn yBejinnemra 
pa^nycoB n, HanpoTHB, yMeHBmeHHH 
3HaneHHH noxa3arejni KapTjieH£)xa n 
3HepreTHHeCKHX X03(|)(|)HipieHT0B b pa^e 
ot Cr 2+ #o Ni 2+ . 

TjnxejiBie MeTajuiBi ABjnnoTCfl pac- 

Ce^HHBIMH XHMHHeCKHMH 3JieMeHTaMH, 
o^Haxo 3HaneHHH nx KjiapKOB b 3eMHon 
Kope MoryT cymecTBeHHO BapBHpOBaTB, 
HanpHMep Zn - 8,3 *1 O' 3 ; Pb - 1,6-1 O' 3 ; 
Cu - 4,7-1 O' 3 ; Mn - 10' 1 ; Cd - 1,3-10' 6 
[3]. npn 3tom OTjinnaacB KjiapKaMH n 
pa3MepaMH £o6bihh, ohh MoryT hmctb 
o^HHaKOByio TexHO^HHBHOCTB, a, CJie- 
AOBaTejiBHO, HejiOBenecTBO HcnojiB3yeT 
HX B CBOeil X035fflCTBeHH0H ^eHTCJIBHO- 
cth nponopijHOHajiBHO pacnpeAejieHHio 
b jiHTOc^epe, hto xapaKTepHO ajhi Cd 
h Hg. IIoKa3aTejiH tcxho(J)hjibhocth 
6BIJIH ^HHaMHHHBI nO BpeMeHH, HHOT^a 
H3MeHajIHCB Ha HeCKOJIBKO nOpfl^XOB 
3a BpeMa BBidopKH, hto o6ycjiaBjinBa- 
jiocb noTpedHOCTBio HejiOBenecTBa b 
TOM HJIH HHOM XHMHHeCXOM 3JieMeHTe, 
h OTpa5KajiocB nepe3 o6bcm #o6bihh, 
KOTOpaa B03pocjia b XXI Bexe no cpaB- 
HeHHK) c XX y Zn - 28,18; Pb - 6,90; 
Cu - 34,14; Ni - 238,97; Cr - 478, 19; 
Co - 579, 22; Cd - 1492,86 pa3. PaflBi 

TeXHO(j)HJIBHOCTH, npHBe£eHHBie B 

Ta6ji. 2, flajiH bo3mo}xhoctb oijchhtb 
CTeneHB BOBjieneHHJi tjdxcjibix MeTan- 
jiob b TexHoreHe3 h pacnpocTpaHemra 
hx b 6noc4)epe. Kax npaBHjio, b ecTe- 

CTBeHHBIX yCJIOBHflX TJDXeJIBie MeTaJIJIBI 
HaXOflflTCJI B BH^e CJia60paCTB0pHMBIX 


Ta6ji. 2. 


H3MeHeHHe tcxho^hjibhocth thhccjibix MeTajuioe Ha npoTsuKeHHH 
XX-XXI eeKOB 


ro^Bi 

TeXHO(j)HJIBHOCTB 

1900 

Pb > Cu > Cr > Zn > Ni > Mn > Cd > Mo 

1901 

Cu > Zn > Cr > Ni > Mn > Cd > Mo > Co 

1902-1903 

Cu > Zn > Cr > Ni > Mn > Cd > Co > Mo 

1904 

Cu > Cr > Zn > Ni > Cd > Mn > Co > Mo 

1905 

Cu > Cr > Zn > Ni > Cd > Mn > Mo > Co 

1906 

Pb > Cu > Cr > Zn > Ni > Cd > Mn > Mo > Co 

1907 

Pb > Cu > Zn > Cr > Ni > Cd > Mn > Co > Mo 

1908 

Pb > Cu > Zn > Ni > Cd > Cr > Mn > Co > Mo 

1909-1910 

Pb > Cu > Zn > Cr > Ni > Cd > Mn > Co > Mo 

1911-1912 

Pb > Cu > Zn > Ni > Cd > Cr > Mn > Mo > Co 

1913 

Pb > Cu > Zn > Ni > Cr > Cd > Mn > Mo > Co 

1914 

Cu > Cr > Cd > Zn > Ni > Mn > Mo > Co 

1915 

Cu > Cr > Ni > Cd > Zn > Mn > Mo > Co 

1916 

Cu > Cr > Cd > Ni > Zn > Mn > Mo > Co 

1917 

Cu > Cd > Cr > Ni > Zn > Mn > Mo > Co 

1918 

Cu > Cr > Cd > Ni > Zn > Mn > Mo > Co 

1919 

Pb > Cu > Cr > Cd > Zn > Ni > Mn > Mo > Co 

1920 

Pb > Cu > Cr > Ni > Cd > Zn > Mn > Mo > Co 

1921 

Pb > Cu > Cr > Cd > Zn > Ni > Mn > Mo > Co 

1922 

Pb > Cu > Cd > Cr > Zn > Ni > Mn > Co > Mo 

1923-1925 

Pb > Cu > Cd > Cr > Zn > Ni > Mn > Mo > Co 

1926 

Cd > Cu > Cr > Zn > Ni > Mn > Mo > Co 

1927 

Pb > Cu > Cd > Cr > Zn > Ni > Mn > Mo > Co 

1928 

Pb > Cd > Cu > Cr > Zn > Ni > Mn > Mo > Co 

1929-1930 

Pb > Cd > Cu > Cr > Ni > Zn > Mn > Mo > Co 

1931 

Pb > Cd > Cu > Cr > Zn > Ni > Mn > Mo > Co 

1932 

Pb > Cd > Cu > Cr > Zn > Ni > Mn > Co > Mo 

1933 

Pb > Cd > Cu > Cr > Ni > Zn > Mn > Mo > Co 

1934-1936 

Cd > Pb > Cu > Cr > Ni > Zn > Mn > Mo > Co 

1937 

Cd > Cu > Cu > Cr > Zn > Ni > Mn > Mo > Co 

1938-1939 

Cd > Pb > Cu > Cr > Ni > Zn > Mn > Co > Mo 

1940-1944 

Cd > Cu > Cr > Ni > Zn > Mn > Mo > Co 

1945-1947 

Cd > Pb > Cu > Cr > Ni > Zn > Mn > Mo > Co 

1948-1951 

Cd > Pb > Cu > Cr > Ni > Zn > Mn > Co > Mo 

1952-1953 

Cd > Pb > Cr > Cu > Ni > Zn > Mn > Co > Mo 

1954 

Cd > Pb > Cu > Cr > Ni > Zn > Mn > Co > Mo 

1955-1957 

Cd > Pb > Cr > Cu > Ni > Zn > Mn > Co > Mo 

1958-1974 

Cd > Pb > Cu > Cr > Ni > Zn > Mn > Co > Mo 

1975 

Cd > Pb > Cr > Cu > Ni > Zn > Mn > Co > Mo 

1976-1977 

Cd > Pb > Cu > Cr > Ni > Zn > Mn > Mo > Co 

1978 

Cd > Pb > Cr > Cu > Ni > Zn > Mn > Co > Mo 

1979 

Cd > Pb > Cu > Cr > Ni > Zn > Mn > Co > Mo 

1980 

Cd > Pb > Cr > Cu > Ni > Zn > Mn > Co > Mo 

1981-1982 

Cd > Pb > Cu > Cr > Ni > Zn > Mn > Co > Mo 

1983 

Cd > Pb > Cu > Cr > Ni > Zn > Co > Mn > Mo 

1984-1988 

Cd > Pb > Cr > Cu > Ni > Zn > Co > Mn > Mo 

1989-1990 

Cd > Cr > Pb > Cu > Ni > Zn > Co > Mn > Mo 

1991 

Cd > Cr > Pb > Cu > Ni > Zn > Mo > Co > Mn 

1992 

Cd > Pb > Cr > Cu > Ni > Zn > Mo > Mn > Co 

1993-1994 

Cd > Cu > Pb > Cr > Ni > Zn > Mo > Mn > Co 

1995 

Cd > Cr > Cu > Pb > Ni > Zn > Mo > Mn > Co 

1996 

Cd > Cu > Cr > Pb > Ni > Zn > Mo > Mn > Co 

1997 

Cd > Cr > Cu > Pb > Ni > Zn > Mo > Mn > Co 

1998-2000 

Cd > Cr > Cu > Pb > Ni > Zn > Mo > Co > Mn 

2001 

Cd > Cu > Cr > Pb > Ni > Zn > Mo > Mn > Co 

2002-2004 

Cd > Cu > Cr > Pb > Ni > Zn > Co > Mo > Mn 

2005-2012 

Cd > Cr > Cu > Pb > Ni > Zn > Co > Mo > Mn 
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COe^HHeHHH, KOTOpbie CXpBITBI B TOJIIIje 
3eMHOH KopBi. O^Haxo HejiOBenecxafl #e- 
HTejiBHOCTB cnoco6cTByeT hx H3Bjiene- 
HHK) Ha nOBepXHOCTB, TpaHc4)OpMai^HH 
coe^HHeHHH b 6ojiee aKTHBHBie, b BH^e 
KOTOpBIX OHH MOryT BXJHOHaTBCa B TpO- 

(jmnecxHe ijenn h MHrpHpOBaTB b oxpy- 
5 KaiomeH npHpo^HOH cpe^e. , 3,0 cepe/pi- 
hbi 30 rr. XX Bexa Handojiee onacHBiM Tex- 
HOreHHBIM MHipaHTOM 5IBJI5UICa CBHHeiJ,, 
3aTeM KOHKypeHH,HK) eMy cocTaBjiaeT xa/j- 
mhh, 06 a MeTajuia OTHOcaTca x ojieMeH- 
TaM nepBoro xjiacca toxchhhocth, cno- 
C 06 HBI BBI3BIBaTB pOCT 0HX03a60JieBaHHH. 
C 1989 r. HejiOBeHecTBO oco 3 HaeT OTpH- 
ijarejiBHoe BjimiHHe CBHHija Ha 3#opOBBe, 
xoTOpoe npoaBjiaeTca b BH^e HepBHBix 
paccTpoiiCTB, rnnepaxTHBHOCTH y ^eTen, 
h nocTeneHHO noTpedjieHHe CHHixaeTca 
(3anpeT Ha a^oxHMHxaTBi co,aep)xainHe 
CBHHeu,, nonBiTxa 3aMeHBi TeTpasTHjicBHH- 
ija b TonjiHBe h t.#.), hto, b cboio onepe/jB, 
OTpa^xaeTca Ha ero tcxho^hjibhocth. B 
HacToamee Bp em HanGojiee noTpedjia- 
eMBiMH 3JieMeHTaMH aBjiaiOTca xa^MHH, 
XpOM H Me/JB. 

IIO^BITOiXHB BBIHie H3JI05XeHH0e, 
cjie^yeT otmcthtb, hto, BO-nepBBix, 

TeXHO^HJIBHOCTB T5DXCJIBIX MCTaJIJIOB, 

xoTopaa OTpa)xaeT noTpedHOCTH nejio- 


BenecTBa b tom hjih hhom xhmhhccxom 
3jieMeHTe Ha npOTJDxeHHH nocne^Hero 
CTOJieTH^ B03pocna Ha HecxojiBxo no- 
pa^xoB, a, bo-btopbix, xax b Hanajie 
XX Bexa, Tax h b XXI Bexe nepBoe Me- 
cto 3aHHMaiOT 3jieMeHTBi nepBoro xjiac- 
ca TOXCHHHOCTH, CnOCOdHBie OXa3BIBaTB 

Bpe^Hoe B03AencTBHe Ha 3^opOBBe ne- 
jiOBexa, pacceHBaHHe xotopbix b 6ho- 
c(j)epe He)xejiaTejiBHO. 
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DETERMINATION OF THE DRILLING RIG CONDITION 

M.I. Gorbiychuk, Doctor of Technical Sciences, Full Professor 
T.V. Gumenyuk, Postgraduate Student 
Ivano-Frankivsk National Technical University of Oil and Gas, Ukraine 

The algorithm of determination of condition of the rig is offered in the paper. The author demonstrates the interrelation between the well 
construction algorithm and the optimal control algorithm within the mechanical drilling process. The author offers the flowchart describing the 
determination of system conditions of the rig. 

Keywords: drilling rig, technological condition, algorithm, determination, pattern recognition. 
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T he wells are constructed in order to 
perform the oil and gas mining. The 
basic process of wells construction is 
drilling and fastening. 

Construction of wells includes 
a number of processes, which are 
conducted in sequence [1]: construction 
of ground-based facilities; driving 
the shaft hole; separation of layers; 
completion of the well and bringing it 
into operation. 

Driving the shaft hole is possible 
in implementation of two parallel 
operations: face deepening of wells 
using the rock cutting tool performing a 
rotating motion, and face purification of 
the drilled rock. 

Separation of layers is made by 
successive execution of two operations: 
securing the walls of the hole using the 
casing string, and sealing the annulus. 

The basic process of construction 
of wells is the mechanical drilling 
which, regardless of the rock destruction 
method, is performed by executing the 
following sequence of operations [1]: 

- descent of the drill pipe with the 
rock cutting tool; 

- destruction of rocks on the bottom 
of the hole; 

- lifting up the column of drill pipes 
to replace the worn-out chisels; 

- well casing lining, and tamping 
using the grout. 

Optimization of the well hole 
deepening is based primarily on the 
criterion of minimum cost of a meter of 
the borehole drilling: 


q = 


C _6 (A +t cn) + d 

Htf,) 


(i) 


where c 6 - cost of the drilling rig 
hour; t 6 - duration of current drilling; 
t cn - duration of the round-lifting 



Fig. 1. Block diagram of the wells construction algorithm and its interaction with 
the algorithm of optimal control over the technological process of drilling 


operation (RLO); d - cost of the rock 
cutting tool; h(t 6 ) - driving on the bit 
per bit run. 

As the drilling process involves 
a number of operations implemented 
in a specific sequence, the optimum 


management criterion (1) provides that 
the task of determining the optimal 
control action must “run” at some point 
in time that corresponds to the beginning 
of production operations - mechanical 
drilling. ROL duration of each run is 
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Technological operations and controlled parameters 


Technological process 

Technological parameters 

Is controlled 

Information-measuring 

system 

Hole deepening 

axial load on the drill 

+ 


rotor speed 

+ 

torque on the rotor 

+ 

flow of drilling fluid 

+ 

load on the hook 

+ 

casing block position 


Chisels operations 

axial load on the drill 

+ 


rotor speed 

+ 

torque on the rotor 

+ 

load on the hook 

+ 

the pressure in the discharge line of drilling fluid 

+ 

casing block position 


Circulation and flushing 
of the hole 

load on the hook 

+ 


flow of drilling fluid 

+ 

the pressure in the discharge line of drilling fluid 

+ 

Grafting 

load on the hook 

+ 


torque to drilling keys 


casing block position 



determined by the cost of time for such 
technological operations as descent 
and ascent of drill pipes, building 
the columns, replacement of chisels, 
circulation and flushing the hole [2]. 

When synthesising the optimal 
process management system of 
deepening the wells it is necessary to 
provide the automatic mode of input of 
values t and launch the optimization 
problem at the moment which should 
synchronize with the beginning of the 
mechanical drilling. 

Interaction of the well construction 
algorithm [2] with the algorithm of 
optimal control of the mechanical 
drilling process is shown on the Fig. 1. 

Thus, the optimal control over the 
process of deepening the wells is necessary 
in recognizing the states of the rig. 

Each state of the rig is characterized 
by a certain set of process parameters 
[3]. Table 1 shows the basic process 
of manufacturing operations and the 
construction of wells, as well as the 
controlled settings corresponding to the 
following activities. 


Value t is determined by the 
duration of a number of sub-operations, 
which are components of the RLO. 
These include [3] descending/ascending 
the drill string to replace the bit; bucket 
to lift the pipes; maintenance of pipes 
at the wellhead; twisting/untwisting 
the grooves; increasing the drill pipe; 
replacing the chisels. 

In order to realize the optimal control 
algorithm process of deepening the wells 
it is important to determine the beginning 
and the end of the RLO. This will help 
to determine the length of round-lifting 
operations t , which is a necessary 
condition for solving the optimization 
problem of a criterion (1). 

In order to determine the duration of 
the RLO we set the initial timing as the 
time of lifting the bit for replacement; the 
end of RLO coincides with the moment of 
finishing the operation of a bit. We added 
the time needed to increase the column 
length to the received value t ® . If there 
were n , increasing operations, then 

t = + V t . + 1 n\ 

cn cn / j h.i if , yZ J 

i=l 


Measuring parameter 



signal ( 1 / 10 ) 


Fig. 2. The process of formation of signs 


where t H . - time spent on increasing 
the drill string at i -th iteration; t - 
time spent on circulation washing and 
cleaning of wells. 

Each rig state is characterized by 
a certain set of process parameters. 
There is no need to know their 
absolute physical values; it’s enough 
to establish the fact of their presence. 
These controlled parameters are to be 
kept within certain limits based on 
technological regulations. 

Formation of signals that will be 
featured in the problem of recognition 
of states of a rig is shown in the Fig. 2. 
When a certain technological parameter 
characterizing the corresponding 
technological operation is within the 
established limit, it is set to «one», 
otherwise - «zero». 

The task of identifying the states of 
a rig we formulate as the task of pattern 
recognition. 

Each state of the rig, identified 
with certain manufacturing operations 
(Table 1) will be the pattern. The 
set of states of the rig creates the 
space of patterns Q . If oo is the 
pattern, then co e Q . Each pattern 
(technological operations) had been 
assigned the serial number 1, 2, ..., 
Tfl ; M = {l,2,. . - the classes 
set Q 1 , n 2 , • ••, Clp • Each pattern is 
characterized by a set of attributes that 
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Table 2.2. 


Identification of main states of a rig 


Rig condition 

Technological parameters 

load on the hook 

axial load 

on the drilling tools 

torque on the rotor 

torque at machine keys 

pressure in the discharge line 

of drilling fluid 

casing block position 

costs of drilling fluid inlet and outlet of the 

hole 

rotor speed 

Drilling 

1 

1 

1 

0 

1 

1 

1 

1 

Chisels operations 

1 

1 

1 

0 

1 

1 

0 

1 

Increasing 

1 

0 

0 

1 

0 

1 

0 

0 

Circulation and flushing the hole 

1 

0 

0 

0 

1 

1 

1 

0 

Lifting of the column 

1 

0 

0 

1 

0 

1 

0 

0 


form a vector x =(x 1 ,x 2 ,...,x n f in 
the feature space, built by the sequence 
of ones and zeros [4]. 

Since the physical parameters 
characterising a state of the rig are the 
positive values: 

x, = sign (/j, (Of i = \,n, 
where p t (t) = P t (t) — P maxj ; ^ (0, 

P - current and minimum value of 

max, l 

the technological parameter; Fig. 3. Block diagram of determination of rig conditions 



fl at p t (/) > 0, 

[0 at p t (7) = 0. 
Given the importance of p i (t^, then 


sign(p, (?)) = 



1 at Pj (/) > P mini , 
0 at R (t) = P mini . 


( 3 ) 


Now it’s possible to form a 
pattern recognition problem related to 
identification of states of the rig. 

Let’s create the space of patterns Q 
with classes Q 1 (drilling), Q 2 (chisels 
operations), Q 3 (increasing) i Q 4 (lifting 
of the bit). Each class is characterized by 
its vector x , components of which take 
binary values «0» or «1». Obviously, 
each class contains only one pattern, 
which is determined by specific 
technological operations presented in 
Table 1. 

The problem lies in the fact that 
upon presentation of the vector x 
we include the object to one of the 


four classes. To solve this problem 
it is advisable to use neural network 
technology. 

For successful implementation of 
an optimal process control system for 
deepening wells (Fig. 1) we need to 
know the current condition of the rig (to 
determine the start of the process of the 
mechanical drilling automatically) and, 
if necessary, identify the parameters of 
the mathematical model by the results 
of test drilling. Also information 
about the state of the drilling rig will 
allow automatically determining the 
time spent on round-lifting operations 
(RLO). 

Block diagram of determination of 
rig conditions is shown on the Fig. 3. 

The following indices are presented 
on the Figure 3: 

F - load on the hook; 

F - axial load on the drill; 

M p - torque of the rotor; 


P h - pressure in the discharge line of 
the drilling fluid; 

L 6 - casing block position; 

q in - flow of the drilling fluid inlet 
of the hole; 

q out - flow of the drilling fluid outlet 
of the hole; 

TV - rotor speed. 

Information about process parameters 
(PP), which comes from the rig (DR) is 
measured by the deliverers block (DB), 
and is converted into the digital form 
(Fig. 3). Sign unit plays the role of threshold 
in accordance with the formula (3). On the 
output of the Sign unit a combination of 
binary signals 0/1 is created, forming the 
input vector which is the input of artificial 
neural network (ANN). 

In order to recognize patterns 
submitted in the form of binary 
sequences, one should use Hopfield and 
Hummer neural networks. 
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The results of determining the gel quality 


The gel quality 
indicators 

Apple puree, 

sucrose 

Apple puree, 
glucose 

Apple puree, fructose 

Easiness of die casting 

good 

Easiness of extraction 

from the forms 

mass is easily 
removed from 

the forms 

mass is easily 
removed from 

the forms 

The mass of poorly 
removed from the form; 
requires more time for 
jellying 

Gelling ability 

great/excellent 

great 

satisfactory 

The gel strength 

good 

good 

satisfactory 

Surface condition 

the surface is 

smooth and 
shiny 

the surface is 

smooth 

the surface is glossy and 
sticky 

Stickiness 

does not stick 

does not stick 

sticks 


T here is almost no group of fruit 
and berry marmalade, carrying the 
biologically active substances in the 
assortment of candy and jelly products 
manufactured by Ukrainian producers 
of confectionery products. In order 
to improve technological schemes of 
the most common in Ukraine fruit and 
berry marmalade products, the chemical 
compositions and physical and chemical 
properties of varieties of fruit and 
berry puree have been studied. It was 
determined that the number of pectins, 
including the water-soluble pectin gel as 
a fundamental factor, apple and cornel 
puree are related to the puree with high 
pectin content; apricot - with middle 
level, raspberry, peach, buckthorn - 
with low level. In addition, only apple 
and cornel pectin are characterized 
as H-pectin, with low content of free 
carboxyl and acetyl groups. Patterns of 
formation of jelly masses (gelling ability) 
investigated in relation to the chosen 
types of puree allowed to differentiate 
their technology focus and to recommend 
apple and cornel puree for the fruit and 
berry marmalade, while apricot, peach, 
raspberry, and buckthorn - as additional 
gel making additive to fruit and jelly. 

In technology of fruit and berry 
marmalade it is impossible to reduce the 
intake of prescribed sucrose, however 
the study on the use of other types of 
sugars with the lower glycemic index 
or calories is important. Thus glucose 
should be used to create the assortment of 
marmalade for children’s food, fructose - 
in technology of manufacturing products 
for the diabetics. 

The research on the gel quality 
substantiating the need to improve the 
technological schemes was necessary 


because the changing nature of the sugars 
significantly influences the behaviour of 
pectin of the apple puree. 

Materials and research methods 

In the experiment we used the 
samples of marmalade mass on the basis 
of varieties of sugars: sucrose, glucose, 
and fructose. The device Valenta was 
used to determine the load to fracture 
of the gel. Determination of structural- 
mechanical properties of marmalade 
masses along the curves of the dynamics 
of deformation was carried out using 
structural property, the principle of 
which is based on measuring the 
mechanical load on the nozzle indentor, 
and dipping it with the pre-set speed 
into the prepared sample of the product. 
Curves of compression and unloading 


for samples of marmalade mass were 
built within 2 hours of standing. The 
analysis of curves allowed us to obtain 
several independent deformation 
characteristics: compressive, modulus 
of instantaneous elasticity, the effective 
viscosity, plasticity, softness, resilience, 
yield of strength. 

Results and discussion 

It was established that the marmalade 
masses of the sucrose and glucose 
were removed well from the forms; 
they did not stick, had a dry surface, 
i.e. had a great jelly-forming ability 
under equivalent conditions of boiling. 
Fructose mass demanded more time for 
gelation, but it clung a little to the form 
and was characterized by satisfactory 
strength. 


The gel strength 


Samples 

Gel strength, g 

Sample N 2 I (sucrose) 

207,72 

Sample N°2 (glucose) 

314,67 

Sample N°3 (fructose) 

203,18 
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1 ) 


2 ) 



3) 

Fig. 1. Curves of compression and unloading: 1) glucose; 2) sucrose; 3) fructose. 


Structural and mechanical indicators of marmalade mass (sucrose) 


Indicators 

Time of maturation, min 

40 

80 

120 

Compressive, J/m 3 *10' 6 

0,22 

0,35 

0,33 

The Young’s Modulus, Pa 

0,29 

0,26 

0,25 

Effective viscosity, Pa*s 

0,85 

0,99 

0,95 

Plasticity, units 

0,79 

0,74 

0,74 

Softness, units 

0,74 

0,68 

0,69 

Recoverability, units 

0,09 

0,13 

0,12 

Absolute strain, units 

0,06 

0,07 

0,06 

Hardness, units 

2,89 

2,76 

2,68 

Conditional limit of fluidity, Pa/m 2 

8,33 


Structural and mechanical indicators of marmalade mass (glucose) 


Indicators 

Time of maturation, min 

40 

80 

100 

120 

Compressive, J/m 3 *1 O' 6 

0,50 

0,40 

0,28 

0,16 

The Young’s Modulus, Pa 

0,09 

0,10 

0,13 

0,14 

Effective viscosity, Pa*s 

0,65 

0,62 

0,56 

0,51 

Plasticity, units 

0,60 

0,65 

0,72 

0,76 

Softness, units 

0,56 

0,62 

0,69 

0,73 

Recoverability, units 

0,24 

0,20 

0,14 

0,12 

Absolute strain, units 

0,04 

0,04 

0,04 

0,04 

Hardness, units 

2,23 

2,32 

2,45 

2,55 

Conditional limit of fluidity, Pa/m 2 

6,17 
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Structural and mechanical indicators of marmalade mass (fructose) 


Indicators 

The time of maturation, min 

40 

80 

100 

120 

Compressive, J/m 3 *10' 6 

0,13 

0,09 

0,04 

0,05 

The Young’s Modulus, Pa 

0,08 

0,09 

0,11 

0,11 

Effective viscosity, Pa*s 

0,34 

0,30 

0,23 

0,22 

Plasticity, units 

0,75 

0,80 

0,86 

0,86 

Softness, units 

0,73 

0,77 

0,84 

0,84 

Recoverability, units 

0,13 

0,10 

0,07 

0,06 

Absolute strain, units 

0,03 

0,03 

0,02 

0,02 

Hardness, units 

2,40 

2,42 

3,03 

3,14 

Conditional limit of fluidity, Pa/m 2 

4,61 



The tome of maturetion, min 


The device Valenta was used to 
determine the load to fracture of the gel. 
The highest rates are observed for the 
sample with glucose. 

Detailed characterization of mechanical 
properties of the gelling systems is provided 
by a study on the development process of 


deformation - with and without the load. 
The structural carcass of the gel determines 
the amount of elastic deformation; the 
liquid phase determines the amount of 
elastic deformation. Food gel systems are 
characterized by slow deformation, i.e., 
upon unloading the deformation does not 


change instantaneously, but with a delay 
(there is the elastic effect as well). 

The dynamics of deformation 
processes reveals some differences 
in formation of structural-mechanical 
properties of the marmalade mass 
prototypes. 
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600 

500 

400 

Strength of gel, g 







300 

200 

100 













U 

4,5 5 5,5 

QH 



Sucrose 


Glucose 


Fructose 


Organoleptic indicators of the marmalade mass with reduced amount of sugar 


Organoleptic indicators 

The sugar content 

(% of the amount of sugar in the traditional recipe) 

A control sample, 100 

80 65 50 

35 

Surface condition 

Smooth, glossy 

Stickiness 

does not stick 

does not stick 

slight stickiness 

Easiness of extraction 

from the forms 

removed 

well removed 

removed 

Ability to retain its shape 

good 

good 

bad 


It was discovered that all the 
samples of marmalade mass partially 
lose their elastic properties under the 
load, when significant deformation 
occurs in the body, i.e. its original 
size and shape is not fully restored 
when the load is removed. Final plastic 
deformations for samples with glucose 
and fructose are fixed even with the 
full external load lifted up, which in 
contrast to the samples with sucrose are 
increased with time. At the same time, 
for samples with monosaccharides 
recoverability is reduced. 

Along with this, the sample with 
sucrose has much greater resistance 
to compression under the elastic 
deformation (The Young’s Modulus) 
and hardness, i.e., the ability not to be 
affected by the plastic deformation. 
But in the process of maturation the 
sample with sucrose loses a bit the 
ability to resist, while the samples with 
the monosaccharides, on the contrary, 
gain it. 

This confirms the increased 
compressive strain or the ability of a 
material to resist impact load. The higher 
the value of this index is, the lower the 
elastic characteristics of the material 
will be. It is established that with 
increasing in time proofing of samples 
the compressive deformation in the 
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samples with sucrose is increasing 
and practically does not change after 
80 minutes. In other words, in the 
process of maturation the gel based 
on the sucrose is gradually losing the 
resistance to loads, and the marmalade 
gel with fructose and particularly with 
glucose, on the contrary, has a tendency 
to resist deformations. 

These studies allowed us to 
recommend spending more time on 
maturation of marmalade masses 
based on fructose and glucose in order 
to achieve the desired structural and 
mechanical characteristics. 

Not less important for the gelation of 
pectin of apple puree is the presence of 
free acids, which affects the speed of the 
process and the strength of jelly. 

Assessment of the strength of gels 
with different pH values shows that 
addition of acid in pectin gels with 
monosaccharides contributes to their 
strength - unlike the sucrose-based gel, 
for which excess of the optimal amount 
of acid softens the structure. 

However, the strength of the jelly 
mass based on glucose exceeded the 
samples on the sucrose and fructose in 
equal conditions of any acid. 

These results provided a basis for 
improving the technological schemes 
of production of fruit marmalade with 


varieties of sugars. The research also 
makes reasonable the use of glucose 
and fructose in the technology of fruit 
and berry marmalade manufacturing, 
but with changes in the technological 
process. 

The optimal ranges of pH for the 
formation of structural-mechanical 
properties were determined. It was 
established that the formed jelly is more 
stable at low pH, pH at 3. 5 -3. 7, close to 
the natural pH of the selected fruit and 
berry raw materials. 

It was experimentally established 
that the conditions of gelation of L-pectin 
reduce the proportion of sugar without 
any negative impact on the structure of 
the marmalade mass. 

The sample with reduced (to 
50% of the prescribed) amount of 
white crystalline sugar received high 
organoleptic mark. Such products are 
similar to products with traditional 
recipes and have a smooth glossy 
surface; they do not stick and can be 
easily removed from the forms. Their 
final form fully corresponds to the 
predetermined one. 

Conclusions 

Thus, the research carried out allows 
speaking about the possibility to use 
the varieties of sugars in technological 
schemes of fruit and berry marmalade 
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production, or to reduce the prescribed 
amount of sucrose. The paper will 
contribute to the development of 
technological schemes of manufacturing 
the assortment of fruit and berry 
marmalades in puree. 
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